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Belden 


An ever-increasing num- 
ber of insulations for an 
ever-increasing number of 
electrical and electronic 
products puts growing 
emphasis on specialized 
wires engineered for the 
job. Your engineered 
e Beldsol é 
© Celename! product merits Belden 
e Nyiclad * * 
° Beldename! engineered wire. 
e Textile Covered 
e Formvar 
e Beildtherm 
e Formbond 
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MAGNET WIRE by belden 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


, : 2 
Magnet Wire + Lead Wire + Power Supply Cords, Cord Sets and Portable Cord « Aircraft Wires 
Welding Cable « Electrical Household Cords « Electronic Wires * Automotive Wire and Cable 


Circle 101 on page 17 
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This big idea really gets around! 


Good ideas get a lot of “‘mileage”’! Take this spe- 
cial automotive bearing pioneered by New 
Departure. Its unique advantages have been 
proved by billions of miles in millions of cars 
and trucks. But “‘miles-in-use’’ doesn’t begin to 
tell the story of fan and water pump shaft ball 
bearing. For design engineers in other fields were 
quick to spot this bearing’s versatility. 
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DIVISION OF GENERAL/MOTORS, 


YS 


So today this New Departure sealed and lubri- 
cated-for-life bearing with integral shaft elimi- 
nates bearing upkeep costs and simplifies design 
in a wide variety of familiar products—from 
home appliances to industrial tools. 


If you need help with a big design idea, call or 
write for consultation with a New Departure ball 
bearing application engineer. 
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TASS 
RWARD FROM FIFTY 


BRISTOL, CONN. 


NOTHING FOLLS LIKE A BALL 
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Many manufacturers of electrical equipment are cutting costly assembly 
time by using INMANCO completely fabricated electrical insulation 
parts. INMANCO parts slip into place easily because specialized fabri- 
cating experience insures accurately fabricated insulators. This is made 
possible by INMANCO’s modern, high-speed equipment designed to shear, 
saw, slit, die-cut, crease, mill, form, or cuff exactly as you specify. 
Selecting the exact properties and materials required for your application 
is so easy with INMANCO fabricated parts. That is because these parts 
can be made from a variety of different types and grades of papers, plastic 
films, varnished or coated fabrics, wood, fibre, and laminated plastics—to 
name a few—each with unique characteristics. You can choose extreme 
heat resistance, top dielectric strength, maximum flexibility, toughness, or 
other protective features your insulation must provide. 

Contact your nearest IMC office or representative for more information on 
fully fabricated electrical insulation parts that save time and cut cost. 


Fane 
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sereufcnred | INSULATION MANUFACTURERS CORPORATION 


exclusively by ... CHICAGO 6, ILLINOIS, 565 W. Washington Boulevard, Phone: CEntral 6-7320 
CLEVELAND 14, OHIO, 1231 Superior Avenue, N. E., Phone: SUperior 1-2310 
Offices, Representatives, and Distributors in Principal Cities 
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TREMENDOUS PRODUCTION SAVINGS OF 


AUTOMATION 
0] Te CAS S31 
LSM LOSES UROL) 


PLASKON ALKYD PUTTY MATERIAL FOR ENCASED COMPONENTS MAKES POSSIBLE 
FULLY AUTOMATIC FINAL ASSEMBLY! 


More and more manufacturers of TV sets are finding that PLASKON Alkyd 417 putty material offers the 
best combination of physical and electrical properties required for final assembly-line automation. This 
opens the door not only to substantial savings in production, but to better-performing precision parts as 
well. Today, PLASKON Alkyds are widely used in the encasement of such important components as capacitors, 
resistors and toridal coils. 


Here’s what TV set and component manufacturers like most about PLASKON Alkyd 417 putty material: 


UNIFORM DIMENSIONS: Precise dimensional reproduction is pos- OTHER TYPICAL TV APPLICATIONS OF PLASKON ALKYDS: 
sible in molded alkyd parts—assuring greater uniformity than 1. Tuner Board (Alkyd 430): extreme dimensional 
is possible with potting or dipping. Result: symmetry of leads stability; uniform, close tolerances; high rate of 
and uniform dimensions of parts to meet the exacting require- production. 


ments of cost-cutting automatic-assembly equipment. . Tuner Segment (Alkyd 420): saves machining 


OUTSTANDING ELECTRICAL INSULATION: PLaskon Alkyd has very costs; gives increased electrical and moisture 
high dielectric strength and arc resistance. Because of its resistance. 

excellent electrical insulating properties, Alkyd parts can be . Power Tube Socket (Alkyd 422): permits rapid 
made smaller—saving space, cutting cost, improving design. mass-production schedules; has high dimensional 


DEPENDABLE COMPONENTS: Alkyd putty can be wrapped around ee. ; 
inserts before molding—and its low-pressure molding require- If you are having performance problems that might 
ments and rapid cure do not deform dimensions or change the be solved by better electrical insulating materials 
electrical characteristics of delicate inserts. Alkyd’s high heat . oom should know — about PLASKON Alkyds. 
resistance and dimensional stability help to assure top per- Write today for complete information! 

formance of TV components and other electronic and elec- BARRETT DIVISION, Allied Chemical & Dye 
trical parts. Corporation, 40 Rector Street, New York 6, N. Y. 


In Canada: The Barrett Company, Ltd., Keating and Saulter Sts., Toronto 8, Ontario. 


llied 


hemical 
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Design Considerations Classification: 
Reliability 


Human Engineering 


Reliability Evaluation of the Human 
Component in Man-Machine Systems 


Designers are invariably faced with the conflicting demands 
of human and equipment reliability, costs, space, weights, 
developmental time and other factors. Human reliability in the 
operation of equipment can be determined, even if only 
roughly, by the use of probability analysis techniques employed 
by equipment reliability engineers. A hypothetical case history 
is presented. 


H. L. Williams, Melpar, Inc., Falls Church, Va. 
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Materials, Electrical/Electronic Classitication: 
Electrical Insulation and Dielectrics 

Production and Assembly Techniques 
Embedded Circuits and Components 


Vacuum-Molded Epoxy 
Cast-Resin Applications 


Design of instrument transformers is improved through appli 
cation of an integrally molded and impregnated epoxy resin 
insulation structure. Details of a low pressure vacuum-molding 
technique are given and the advantages summarized. 


H. R. Lucas, Canadian General Electric Company, Ltd., 
Toronto, Canada 
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Materials, Mechanical /Structural Your Classification 
Composite Materials 
Nonmetallic Materials 


Synthetic-Fiber and Wool Felts— 
Their Design Characteristics and Uses 


A comprehensive review of a new class of engineering mate- 
rials including natural-wool, synthetic-fiber and composite felt 
materials used in design of electrically energized equipment 
Classifications covered are different types of felts and their 
uses, mechanics of natural and artificial felting procedures, 
metallic and nonmetallic combinations, physical and chemical 
date charts and curves, and some experimental materials for 
future use. 


T. J. Gillick, Jr., The Felt Association, New York, N. Y 
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Design Considerations Your Classification: 
Component Design Factors 

Components, Electrical/Electronic 
Magnetic Components 


Foil Coil Design Factors 


Wafer coil techniques lend themselves to weight reduction of 
transformers and other inductors, giving greater thermal dissi- 
pation per unit of weight then with magnet wire. Advantages 
of encapsulating coil assemblies separately vs whole trans 
former assemblies cited. 


Theodore Wroblewski, Sylvania Electric Products Inc.., 


Ips 
w ich, Mass. 
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Basic Sciences and Engineering 


Your Classification: 
Mathematics 


Slide Rule Mathematics—Il 


Concluding half of a definitive, practical treatment of slide 
rule theory and application. This section covers: log-log scales, 
vector diagrams, hyperbolic functions, phasor calculations 
the circular slide rule. 


Ira Ritow, Republic Aviation Corp., Farmingdale, \. Y. 


Electrical Manufacturing 1958 April p 101 8 pp 


Components, Electrical /Electronic Your Classification: 
Magnetic Components 
Semiconductor Devices 

Testing 
Components 


Applying the Hall Effect to 
Practical Magnet Testing 


Indium-arsenide probes that generate Hall voltages linear 
within +1 per cent in magnetic fields up to 10,000 versteds 
promise simplified precision magnetic measurements such as: 
air-gap flux densities and flux distribution patterns; long axial 
fields; coercivity; detecting inhomogeneities; B-H points and 
hysteresis loops; magnet assembly calibration. 


Gerhard R. Hennig, Valparaiso, Ind. 
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® Quick interpretations of feature article content 


© Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Components, Electrical /Electronic 
Switches 

Control 
Systems and Servos 


Your Classification: 


Crossbar Switch Applications 


Now designed to meet severe industrial specifications, crossbar 
switches are being increasingly applied as control system 
components, Circuit details are described for: 3-coordinate 
single-point selection; stepping-switch scanner control; high- 
speed (magnetron beam switehing tube) scanner control; 
digital-to-analog conversion; analog-to-digital conversion; mul- 
tiple indexing and switching functions. 


Kurt Enslein, Rochester 10, N. Y. 


Electrical Manufacturing 


Components, Electrical /Electronic Your Classification: 
Semiconductor Devices 


Selenium Rectifier Selection and 
Circuit Design 


Application of selenium rectifiers involves numerous considera 
tions that may not be readily apparent and which have primary 
bearing upon successful performance, long life and reliability. 
Single-phase half-wave and bridge circuits with common load 
components are analyzed, with current and voltage behavior 
shown graphically. 


im, 4 Hitcheock, Syntron Co., Homer City. Pa. 


Production and Assembly Techniques 
Printed Wiring 

Components, Electrical/Electronic 
Printed Circuit 


Your Classification: 


Miniaturized Printed Circuit Fabrication 


State of the art report describes capabilities of representative 
printed circuit fabricators to produce extremely fine conductors 
with small inter-conductor spacings. Special quality control 
measures are proposed. 


Robert E. Overas, Mechanical Div.. General Mills, Ine., 
Minneapolis, Minnesota 
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Subject Classification, circle 736 on page 17 


Product Design Case History Your Classification: 
Miscellaneous 


Printed Circuits in 
New Telephone Design 


The use of printed circuits and contemporary materials together 
with close collaboration with professional appearance designers 
to accomplish specific product-development targets is outlined. 
The objectives were lower cost and greater market appeal for a 
completely fresh version of the familiar telephone set. 


M. Farr, Design (a pub.) London, England 
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Control Your Classification: 
Case Histories 


Automatic Positioning with 
Punched Tape Control 


The punched tape control of the “Fosmatic” Jig Borer is 
described in detail and basic circuit designs are illustrated. 
Unique features of the system include stepping switch memory 
circuits with automatic checking of tape reader accuracy and 
an automatic gage rod operation for positioning the machine 
in response to tape commands. 


Staff Report. 


Electrical Manufacturing 1958 April p 120 6 pp 


Association & Professional Activities Your Classification: 


3rd Design Engineering Conference 


Advance interpretation of the significance of the 3rd Conference 
sponsored by the Machine Design Division, American Society 
of Mechanical Engineers. Program listed, also list of exhibitors 
and floor plan layout of concurrent Show held at International 
Amphitheatre, Chicago, April 14-17, 1958. 


Staff Report. 


Electrical Manufacturing 1958 April p 140 4 pp 


7 





WHICH OF THESE NEW 
INSULATING VARNISHES 


can give you 


better results, 
or lower costs 


---or both? 


Faced with needs for high heat resistance Wel v3 
° . . FOR faster baking, higher 
AND high moisture resistance? Would fast- solids deposit and full 
er drying or baking schedules relieve aoe 
: « High resistance to 

storage or packing problems? transformer oils 

Whatever insulating varnish materials + High heat protection 
or methods you may be using, it may pay 
you to check into the advantages offered 
by these or other new and revised formu- 
lations in the complete line of Sherwin- 
Williams materials. 

More and more leading electrical manu- 
facturers are finding that they offer new 
ways to better insulating results, lower 
cost—or both. Ask for details on these or 
other types to meet your product require- 
ments. The Sherwin-Williams Co., General 
Industrial Division, Cleveland 1, Ohio. V61 B10 


In Canada: 2875 Centre St., Montreal. eae eoeienenee 


« High heat endurance 
« High chemical resistance 


3 @ 


PSSSSSSSSSSSSSSSSSS0S800808080088°R 
Please send technical data on materials indicated. 


(CD V61 VC51 Modified ( V61 B10 Black Synthetic 
Silicone Varnish Thermosetting Varnish 


(0 V61 V3 Clear Synthetic [} V61 VC72 Clear Synthetic 
Thermosetting Varnish Thermosetting Varnish 


Name 





Company 





Address 





Pet eee eee ses ese esses 
rrr ?TyTtTt tt ree 


V61 VC72 


FOR high-deposit, moderate 
cost appliance motor needs 


« Extra bonding strength 
« Fast baking speed 


ee ae 
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Research 
Horizons 


improved Wire Extrusion 
Technique for PTFE 


An improved method of screw extrusion 
of polytetrafluoroethylene wire insula- 
tion proposed by the Imperial Chemical 
Industries Plastics Division may offer 
a solution to some problems in the use 
of this material for wire insulation. The 
usual method in this country employs 
a ram machine in which a reciprocating 
ram feeds powder to the extrusion die 
and applies pressure to make the ex- 
trudate. Preforms or pellets are forced 
through a heated die. The preforms are 
sintered so that they fuse together. 

The ram method is relatively simple, 
but two difficulties have been encount- 
ered: (1) uniform distribution of the 
free powder in the die before it is com- 
pressed; and (2) the control of the 
sintering and cooling of the extrusion 
operation so that circumferential crack- 
ing is prevented. The screw extrusion 
method proposed is claimed to be more 
satisfactory. 

In this method there is a continuous 
feed of the material to the die. The 
barrel of the machine is water cooled 
and the powder is fed in a cold state 
to a heated die where it is compressed 
and sintered. In fact, the operation is 
described by ICI engineers as “con- 
tinuous molding” rather than “extru- 
sion.” A pre-sintered material is recom- 
mended. It is understood that ICI will 
offer a pre-sintered material in bulk 
quantities in about 6 months; at pres- 
ent, limited lots are available. 


Transistorized Gamma Ray 
Radioactive Relay 


Gamma rays emanating from a cobalt 
60 source as the actuating element and 
a transistorized circuit are at the heart 
of a novel radioactive relay, identified 
as Isotac, developed in France by S. A. 
Cybermeca. The relay is utilized on 
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production lines for such applications 
as checking proper filling of containers, 
counting, and as end-run contact break- 
ers. The gamma rays pass through the 
product or substance being monitored 
and are detected, by means of appro- 
priate arrangements, by a Geiger-Muller 
tube meter. Corresponding electrical 
impulses are a function of the radiation 
intensity. The integration circuit volt- 
age increases with the intensity. The 
intensity is at a maximum when the 
gamma ray radiation suffers no inter- 
ference, for example, when a container 
on the production line is empty. 

The cobalt 60 source is normally of 
1 to 25 millicuries, or 25 to 50 me ade- 
quately sealed in a shielded container. 
Electrical circuits consist of amplifier 
and associated components plus the 
integration circuit and output relay. 

Primary mechanical advantages of 
the device are: resistance to shock, 
vibration, temperature and humidity. 
Transistorized circuit assures good life 
characteristics. 


High-Temperature Effects on 
Nickel-Copper Tensile Properties 


The rheological properties, plastic de- 
formation and flow of various metals at 
sub-zero and elevated temperatures are 
undergoing intensive evaluation at the 
National Bureau of Standards. Part of 
this study involved investigation of the 
short-time tensile properties of nickel, 
copper and_nickel-copper 
1700 F. 

Experimental results support the pre- 
diction that strain-aging occurs at high 
temperatures in relatively pure face- 
centered cubic metals, becoming more 
prominent when solute atoms are pres- 
ent. This prediction is based on the 
dislocation theory that postulates vacant 
atom sites in metal crystals which may 
move under stress or alloy concentra- 


alloys at 


tion gradients. Such movement is em- 
ployed to explain plastic deformation, 
creep, diffusion and other phenomena. 

Since copper and nickel form an un- 
limited series of solid solutions, these 


cee 


Experimenting Control System: Conven- 
tional controllers attempt to maintain an 
operating quantity at a set point; the 
new Automex (Automatic Experimenter) 
control device developed by Westing- 
house, shown here in an experimental 
model, coordinates the set points of a 
number of controllers so as to optimize 
the yield of a process. In effect, it fune- 
tions in the same manner as an exper- 
ienced human operator. Primary require- 
ment for use of the Automex system is 
the ability to measure the quantity to be 
optimized. Instrumentation under inves- 
tigation includes such techniques as infra- 
red spectrophotometry, mass spectrometry 
and polarography. At extreme left, ob- 
serving the operator, is Dr. R. A. Ramey, 
manager, Westinghouse new products 
engineering department. 
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materials and their alloys were selected 
for this study. Factors affecting the be- 
havior of solid solution polycrystalline 
alloys under tension at high tempera- 
tures were evaluated in relation to be- 
havior of the component metals, each 
having approximately the same initial 
grain size. 

Results of these experiments, based 
on use of annealed and cold-drawn cop- 
per (70 per cent Ni—30 per cent Cu; 
70 per cent Cu—30 per cent Ni), are: 

e A strengthening effect in the alloys, 
due to the presence of solute atoms in 
the crystal lattice of the component 
metal, was observed at all temperatures, 
reaching maximum at 300-700 F. 

e Ductility of the alloys was usually 
intermediate between the low values of 
the copper and high values of the nickel. 
The annealed alloys 
prominent serrated stress-strain curves 
than the others tested. 

e Effects of cold-drawing on both 


showed more 


Research Note 


strength and ductility were either dimin- 
ished or removed at temperatures above 
that of recrystallization. 

e Rheological behavior of the copper 
was more dependent on temperature 
than initial grain size. It was further 
shown that additional lattice defects 
created by cold-work can be annealed 
out by straining at temperatures above 
the recrystallization range. 


Two-Dimensional Automatic 
Programmed Machine Tool 


An automatic data processing system to 
provide information for nun ally 
controlled machine tools has been de- 
signed by the Massachusetts Institute of 
Technology under an Air Materiel Com- 
mand Manufacturing Methods Branch 
contract. Designated 2D APT II (2- 
Dimensional Automatic Programmed 
Tool) this system represents the cul- 
mination of some 10 to 15 man-years of 
work. It is described as the first system 
of its type; it is seen as giving impetus 
to further advances based on the numer- 
ical control concept. 

As described by AMC. the system 
operates on a programming by two- 
dimensional curves. one longitudinal 
and one transverse. It establishes a 
foundation upon which programming 
by areas or three-dimensional, auto- 
matic systems (adding depth) can be 
built. 


Key Research Problems in 
Electronic Components 


The 1958 Electronic Components Con- 
ference being held this month in Los 
Angeles (April 22, 23 and 24) is com- 
ing to grips with a number of problems 
facing component research and develop- 
ment. Based on some subject areas on 
which the program was built, here are 
some highlights: 
1. What are the new developments in 
ceramic capacitors? 
What factors influence capacitor 
reliability? Can we pin down these 
factors through case history dis- 
section? 
High temperature resistors—where 
do we stand? 
We need improved rating systems 
for capacitors and resistors. 
The noise problem in precision 
potentiometers needs close exami- 
nation. 
What about standardization in 
transistors and crystal diodes? 
There are problems, too, with the 
specification status of 
ductor devices. 


semicon- 


What are the temperature limita- 
tions on semiconductor devices? 
Effects of nuclear radiation on 
semiconductor devices are critical 
and still need clarification. 
10. The problem of silver migration 
through insulators is still with us. 
Not all these problems will neces- 
sarily be answered. or even discussed, 


Component Failures in Acoustic Environment 


Because acoustic field intensity within or 
around aircraft and missiles is related to 
Mach number, acoustic isolation techniques 
and acoustic-immune components develop- 
ment will receive increasing attention. 
Effects produced by high-intensity sound 
fields must be investigated if the new 
problems presented by this environment 
are to be solved. 

Systems for generating high-intensity 
sound for test purposes differ considerably. 
Some of the chambers now in use were 
reported by the Institute of Aeronautical 
Sciences in February 1957. These include 
a plane wave tube (Convair-Pomona), an 
inverse exponential horn (Rototest Labora- 
tory), an unsymmetrical reverberation 
chamber (Altec-Lansing), a 130-db interim 
chamber and pulse jet installation (North- 
rup), a siren system (Douglas) and rec- 
tangular and tubular resonant chambers 
(Bell Aircraft). 

As reported in the Environmental Quar- 
terly, First Quarter, 1958, by R. Kaminski, 
an acoustic testing program was pursued 
at Bell Aircraft using resonant chambers 
of the type shown in Fig. 1. High-intensity 
sound can be produced in this system 
using simple low-power equipment by 
capitalizing on the principle of wave rein- 
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forcement in a resonant chamber. A maxi- 
mum level of 168 db was produced in the 
rectangular chamber by an air-cooled loud- 
speaker. 


The tubular chamber was used to eval- 


Housing ~_ 


Microphone 
Loudspeoker a P 


‘ Piston 


Component 
under test 


Housing 


Loudspeaker 


\w 
/ p X H (one or more) 


component \ Piston 


under test Removable mounting plate 


Fig. 1—Tubular and rectangular resonant 
chambers used for acoustic testing of air- 
borne components. 


uate type 5814A, 5841 WA, and 6021 tubes 
at discrete frequencies. In a _ 20-tube 
sample of type 5814A, one tube produced 
microphonic output of 100 mv a-c. This 
equals the maximum defined in MIL-E- 
1/12A. The failure occurred at 1000 cps 
at a level of 140 db. The sample of 20 
type 5841WA tubes produced mean and 
peak microphonic outputs which were one 
fourth of the 5814A outputs. All of the 
5841WA’s passed the acoustic tests. The 
empirical mode for peak microphonic out- 
put occurred at 2400 cps. 

Acoustic excitation of the 6021 subminia 
ture twin triodes produced microphonic 
output which exceeded the MIL-E-1/188B 
limit of 50 mv a-c. When Metex resilient 
cooling sleeves were mounted on the tubes, 
the lowest outputs were produced (without 
failure). 

Tests on 20 sensitive relays revealed con- 
tact chatter and contact resistance changes. 
Chatter was preceded by contact resistance 
change. For example, one relay showed a 
peak contact resistance of 0.58 ohms at a 
level of 145 db at 1425 cps. When the 
sound level was increased to 150 db, the 
relay chattered. Figure 2 shows the contact 
chatter bands at sound pressure levels of 
145 to 160 db. It is of interest to note 
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during the conference sessions, but they 
are listed here to give some idea of 
what is the background. . . . And, of 
course, the whole area of ultrahigh 
temperature applications (500 C and 
up) is simmering! 


Compatibility Tests Needed 
for Magnet Wire Investigation 


Compatibility heads the list of auxiliary 
data needed to supplement and broaden 
the existing AIEE test procedures 
(AIEE 57) on magnet wire, according 
to H. L. Saums and W. W. Pendleton, 
Anaconda Magnet Wire Research Labo- 
ratory, in their recent conference paper 
(CP58-401) before the AIEE 1958 
Winter General Meeting in New York. 
Essentially, the term “compatibility” 
describes how “a magnet wire gets 
along with its neighbors.” 

Top compatibility problem in the ap- 
plication of higher thermal stability 
magnet wire is to match the varnishes 
or impregnating compounds to the wire 
enamels. Varnishes can enhance, de- 
grade or leave unchanged the inherent 
thermal stability of a wire enamel. If re- 
action is negative, there is no degrada- 
tion and the varnish-enamel combination 
investigated is considered compatible. 

Although the AIEE twist test pro- 
vides a good screening test, the authors 
recommend that any varnish incom- 
patibility brought to light be further 


that the resistance changes were usually in 
phase with the applied acoustic frequency. 

The rectangular chamber was used to 
test four-element capsule-type barometric 
switches. The acoustic field caused the 
switch to chatter and produced a shift in 
the static actuation points. The sound pres- 
sure levels used ranged from 127 to 158 db. 
Each of the four elements had a different 
sensitivity to acoustic excitation. 

Other acoustic investigations at Bell Air- 
craft revealed that crystal accelerometers 
and vibration pickups can also be affected 
by high-level sound. Tests on a rate gyro, 
a magnetic reed relay, transistors, diodes, 
resistors and capacitors proved them to be 
satisfactory in discrete frequency sound 
fields. However, the true acoustic sensi- 
tivity of these components can be deter- 
mined only by testing large and varied 
samples for extended periods using high 
sound levels, “white noise” sound, or other 
techniques. 

It is apparent that the acoustic environ- 
ment can not be ignored if adequate re- 
liability is to be achieved. Components 
selected for operation in high-intensity 
sound fields must be carefully specified 
and tested. Much remains to be investi- 
gated. P.G.J. 
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investigated by means of more complex 
tests, particularly system tests. An im- 
portant additional procedure would test 
enameled wire specimens in sealed test 
tubes in the presence of other compo- 
nents of the insulation system. Various 
conditions can he imposed to provide a 
diversity of aging time, temperatures 
and atmospheric conditions. 


Electronic Automatic 
Mail-Sorting Device 

A special electrically conductive ink has 
made it possible for the British Post 
Office laboratories to develop an experi- 
mental electronic device for mechani- 
cally sorting mail. First class letter mail 
is automatically separated from printed 
matter mail; and in the process each 
piece is turned and stacked so that all 
the stamps are in the same corner, face 
up ready for cancellation. 

The conductive ink, Napthadag, es- 
sentially a solution of graphite in 
naphtha, is used to print one or two 
bars (according to the denomination 
of the stamp) on the reverse of each 
stamp. As the individual pieces of mail 
pass through the machine each is sub- 
jected to an electronic scanning process, 
with appropriate circuit arrangements 
for separating and stacking the differ- 
ent types of mail in accordance with 
the signal transmitted through the con- 
ductive ink bars. 


High-Temperature-Stable 
Gaseous Dielectric 


Du Pont contributes a new member to 
the gaseous dielectric family in the 
form of a cyclic fluorocarbon described 
chemically as  octafluorocyclobutane, 
which combines electronegativity, high 
molecular weight and chemical stability 
to provide superior electrical properties. 
Applications for the new dielectric 
point to equipment where higher oper- 
ating temperatures, increased reliabil- 
ity, compactness and lighter weight are 
the primary design problems. Joined to 
these requirements is the need to keep 
costs in line with the existing levels. 

As described in a paper presented by 
F. W. Blodgett before the 1958 AIEE 
Winter General Meeting, the new di- 
electric (C,F,) is a colorless, odorless, 
tasteless, nonflammable gas with the 
following physical properties: 

Molecular weight—200 

Boiling point—21.1 F 

Freezing point— —41.2 F 

Critical temperature—239.5 F 

393 psi, abs 

38.212 lb/cu ft 


Critical pressure 
Critical density 


Thermal stability has been demon- 
strated by extended storage tests with 
various metals at elevated temperatures. 
No decomposition was reported at 347 
F. Hydrolytic stability is outstanding in 
both alkaline and acidic media. The gas 
has a very low level of toxicity. 

In electrical properties, C,F, has a 
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Fig. 2—Contact chatter bands of 20 sensitive relays at sound pressure levels of 145- 
160 db (reference 0.0002 microbar). Illustrations, courtesy of Environmental Quarterly. 
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Research 
Horizons 


high dielectric strength of about the 
same order of magnitude as sulfur hexa- 
fluoride (SF...) at verv close electrode 
spacings where the electric field is 
nearly uniform. At wider spacings, 
where the field is less uniform, C,F, is 
capable of sustaining voltages 20 to 30 
per cent higher than SF,. The latter 
gaseous dielectric is already in use in 
some high-voltage electrical equipment. 

No data for corona starting voltage 
have been obtained as yet. But it is 
indicated that high voltages would be 
required. 


Photographic Flashbulb 
With Built-in Power Source 


Experimental photographic flashbulb, a 
product of Battelle Memorial Institute, 
Columbus, Ohio. contains wrapped 
within its metal base a small and rela- 
tively uncomplicated primary cell of 
the following structure: alternating thin 
layers of magnesium foil, absorbent pa- 
per and silverplated copper. This liner 
provides a square inch of primary cell 
surface capable of generating the power 


Research Note 


for the flashbulb. upon being first acti- 
vated by a few drops of water applied 
to the base of the bulb. Power will be 
maintained for approximately 20 min— 
enough time to flash a bulb. 

Commercial applications? Refresh- 
ingly, Battelle scientists admit candidly 
that they see none at this time. How- 
ever, the experimental work does show 
the degree of compactness and simplic- 
ity that can be applied to the design of 
a primary cell. . .. World War II vet- 
erans may remember the small primary 
cells used to power emergency radio 
transmitting sets packed with life rafts. 
Yes, the Battelle design is a modified 
version, but with one important im- 
provement—it can be readily activated 
by fresh water, not sea water only. 


New Metal-to-Ceramic 
Bonding Technique 


Economical mass production of vacuum 
tubes will be speeded up by the avail- 
ability of a new metal-to-ceramic bond- 
ing process recently announced by the 
Air Materiel Command. Particular ap- 
plication is seen in the output of vacu- 
um tubes for high temperature service. 
Techniques have been set up for the 
production of 50,000 vacuum-tight ce- 
ramic tubes. 
Developed by American Lava Cor- 
poration, Chattanooga, Tennessee, un- 
der a production-development contract, 
the process involves pressing metal ma- 
terial on both ends of the vacuum tube 
ceramic cylinder structure by machine; 


the ceramic material is impregnated 
with the metal powder. A single opera- 
tion matures the ceramic, sinters the 
metal and develops the bond. The oper- 
ation is called the pressed powder tech- 
nique. Formerly the metal material was 
put on the ceramic by hand. 


Nomenclature 
Department— 


And while we're on the subject of flu- 
orocarbon resins, we might as_ well 
record some current changes in nomen- 
clature. In accordance with a standard 
recently adopted by the Society of the 
Plastics Industry: 

1. Du Pont’s Teflon polytetrafluorc- 
ethylene resins will be identified 
by the term “TFE-fluorocarbon 
resins.” 

Du Pont’s new 
( Teflon 


identified as 


perfluorocarbon 
100-X) will be 
“FEP-fluorocarbon 
resins.” The term FEP is an ab- 
breviation of fluorinated ethylene 
propylene, the 


resins 


chemical 
structure of the new resin. 

Across the Atlantic the British ver- 
sion of polytetrafluoroethylene, made by 
Imperial Chemical Industries, bears the 
trade mark “Fluon,” and is still com- 
monly referred to as PTFE... . And 
back home, the SPI apparently has 
taken no position on a standard desig- 


basic 


nation for another jaw-breaker—poly- 
monochlorotrifluoroethylene. How about 
“CTFE-fluorocarbon” ? 


A.E.J. 


Ultra-Pure High-Temperature Materials by Electron Beam Melting 


The controlled melting and purification of 
high temperature materials such as tungs- 
ten, hafnium and the rare earth metals 
opens the door for new high temperature 
classes of ductile, electrically conductive, 
semiconductive and insulating materials. 
Ductility lends itself easily to new struc- 
tural configurations for weight and space 
economy, ultra purity of base metals to 
super conductivity, pure oxide coatings 
to semiconductive purposes and ceramic 
oxides to unusual insulating qualities in 
the design of electrically energized equip- 
ment, 

Electron bombardment in a high vacuum 
to melt chemically active materials with 
high melting points makes possible the 
removal of certain critical impurities, re- 
sulting in final products of high purity 
with properties not attainable by other 
methods. The process has _ successfully 
melted, purified and cast titanium, zircon- 
ium, tantalum, molybdenum and colum- 
bium in water-cooled crucibles without 
contamination. 

Electron beam melting is accomplished 
through heat supplied by an electron gun 
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which serves as a cathode and bombards 
the melt stock 
Molten metal drops into a water-cooled 
copper crucible in which the heat required 
to maintain a molten pool is also provided 
by electron bombardment. In this way the 
molten pool is kept at a constant level 
as the solidified portion is withdrawn down- 
ward to form an ingot. 

Electron beam melting should stimulate 
development of uses for many new metals 
which would thus become available in 
commercial quantities of high purity for 
the first time at substantially lower costs. 
In many cases it will permit recycling 
hitherto unreclaimable scrap from design 
rejects more readily and cheaply, thus re- 
ducing the loss faster in processing end 
products. 

Several important advantages are offered 
by electron beam melting over vacuum 
are melting. The new process can be in- 
terrupted and restarted at any time whereas 
are melting cannot, thus obviating loss of 
ingots that occurs on interruption of arc 
melting. Moreover, the electron beam 
process can melt material in any form, such 


(anode) with electrons. 


as ingots, flakes or sponge. 

The process differs from vacuum are 
melting not only in the heating mechanism 
(high-voltage electron bombardment rather 
than a low-voltage arc) but in the vacuum 
level used, which ranges from 0.01 to 0.1 
microns rather than 10 to 100 microns. 
Power efficiencies are high, justifying use 
of the process in such instances as purifica- 
tion of columbium, which requires 3-4 
kwh/lb, and tantalum, which 
6-8 kwh/Ib. 

Two achievements heretofore impossible 
are now reality. The first is ductile colum- 
bium, previously only a laboratory curiosity 
made by solid state sintering. The second 
is a %4-mil columbium foil made from a 
3-in. ingot by cold rolling without anneal- 
ing. This was impossible until electron 
bombardment melting produced a_ high 
purity ingot. 

Development of the electron beam melt- 
ing process is the result of joint research 
by Stauffer Chemical Company, Mallory- 
Sharon Metals Corporation and Temescal 
Metallurgical Corporation. 


requires 


H.E.B. 
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SANDERS FLEXPRINT (®) CABLES AND HARNESSES offer designers unlimited opportunities to take advantage of flat, flexible wiring 
in a wide variety of permanently bonded insulating plastics from low cost vinyls and polyethylenes to fluorocarbons. 


Flexible Printed Wiring 


in all lengths for all layouts 


Reliability-proved Sanders development sharply reduces weight, bulk, and 
cost of electronic and electrical assemblies. 


Sanders Flexprint Wiring brings to 
commercial and military applications a 
combination of field-tested advantages 
unmatched by conventional wiring and 
ordinary printed circuits. 

Check these features! Flat copper is 
etched to the conductor length, pattern 
and current carrying capacity that fits 
your application. The conductors are 
bonded between thin sheets of flexible 
insulating plastics that meet your en- 
vironmental requirements. The bond 
is permanent .. . insulation can’t peel. 
The result: reliable, printed wiring 
that often weighs less than half as 
much as conventional wiring . .. can 
occupy less than % the space. 

Check these benefits! Flexprint Wiring 
conforms to any housing shape or lay- 
out ... withstands effects of vibration 


and flexing . . . allows interconnected 
assemblies to move _ independently. 
Completely encapsulated conductors 
provide maximum environmental pro- 
tection . . . increase equipment relia- 
bility. Flexprint Multi-Conductor Cable 
can be cut ... stripped (with a simple 
stripping tool) ... connected to printed 
circuit connectors or boards or to itself. 
Accurately reproduced Flexprint Wir- 
ing Harnesses speed up assembly ... 
permit automatic production . . . elimi- 
nate error. The result: better wiring at 
lower cost. 


Check these options! Flexprint Wiring 
can be designed and produced in 
straight cables or complex harnesses 
. .. in any length . .. in single or 
multiple layers or bonded to rigid mate- 
rials as a replacement for printed 


See us at Booth #435, Design Engineering Show 


sanpers (| FLEXPR, NT | WIRING 


Flat... Flawless . . . Flexible 


SANDERS ASSOCIATES, inc. 


NASHUA, NEW HAMPSHIRE ¢ Dayton, Ohio * Inglewood, California * Washington, D. C. 
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board ... with or without a cover coat 

. with vinyls, polyethylenes, polyes- 
ters, silicones, Kel-F, Teflon, or other 
insulations. 


Check all the facts! Write today for 


complete data about capabilities, prices 
and deliveries. 


EXPERIMENTERS AND DESIGNERS 


Flexprint is available in the 
form of unetched copper-plastic 
laminate, without cover coat, 
together with complete instruc- 
tions for etching your own cir- 
cuits. Details on request. 


@) TRADEMARK we SANDERS ASSOCIATES, INC, 
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FACTS . 


~~ 
for IDEA,.ME 
. | 


Electric Rewind Clutch Doubles 
as Drag Brake on Cable Reel 


Here is an idea for putting tension on a 
“free-wheeling” load using the same clutch 
that rewinds it. 

A Warner RF-1225 electric clutch-coupling 
is used on the PTO shaft of the cable reel 
drive on the stern of a geographical rig for 
coastal exploration of oil. When the crew is 


CABLE REEL 


RF BRAKE 


| 


a hE 
t eer 7 


SPROCKET 


ready to take a “‘shot,”’ the cable is released 
“free-wheeling” with a recorder for several 
hundred feet. When the cable reaches 500 
rpm, the clutch engages at a rewind speed 
of 100 rpm in the opposite direction. The 
clutch slips to provide gradual braking, then | 
picks up the load and rewinds the cable. | 
After the cable has been returned to the 

reel, the Warner electric brake engages, hold- 

ing the equipment ready for the next “shot.” 


| 
| 


No slip rings or brushes 


The field of the Warner 

electric clutch is station- 

ary-mounted to the drive, 

providing a permanent as- 

sembly of the electrical 

member. There is no slit 

ring assembly, no danger 

of arcing, no wear on the 

field. The field requires a 

maximum of 40 warts of d-c to produce 
rated torque. Flux flows through the field 
to the rotor, which attracts the armature for 
coupled driving 


Want more IDEAS? 
Whether your problem is 
automatic speed control, 
indexing, fast cycling, 
synchronizing, or tension 
control, Warner can send 
you factual examples of 
results you can expect 
from electric motion control. 


industrial Products Division, 
Warner Electric Brake & Clutch Co., 
Beloit, Wisconsin 


ELECTRIC BRAKES 


Nab: 
meme «AND CLUTCHES 
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Plus or Minus 


Random Comments of the Editors and Readers 


Human Engineering 
in the ‘20's 


Perusing through Vol. 1, No. 1 of Exec- 
TRICAL MANUFACTURING in connection 
with the publication’s 30th anniversary 
(April 1928), I came across a “human 
engineering” aspect of motor controls. 
The then chief engineer of Allen- 
Bradley Company wrote that even an 
illiterate workman expected results 
when he pushed a button on an “auto- 
matic” motor starter. He holds the 
button in no awe, but give him a lever 
(knife) switch to be worked in a cer- 
tain sequence and troubles are more 
likely to ensue. This fear complex is 
particularly present, the 1928 writer 
observed, where women employees are 
concerned. “If there were 
possible way out of it, | 
trust 


any other 


would not 


women workers with lever 


trols.” he concluded. 


con- 
F.J.0. 


Lo, the Poor Nail 


In the process of editing a projected 
article on “Fasteners in Military Elec- 
tronic Applications,” written by G. H. 
Lines of RCA, we have taken note of a 
fastener completely unrelated to the 
subject but similar to a type often en- 
countered in military applications. The 
unique device is a double-headed nail 
specifically created by technicians in 
the field of scenic construction for the 
stage. The two heads, one being ac- 
tually a shoulder 14 in. down the body 
of the nail from the normal head, 
provide the “transitory permanence” so 
essential to the stage in that the nail, 
driven in firmly as far as the first head, 
is easily and quickly removed with a 
claw hammer over the second head. 
Thus, like its cousins in the military 
field (the captive thumbscrew, the cam- 
type locking the double- 
headed combines strength while 
engaged with the ability to be rapidly 
disengaged. The old homestead 
appear as 


fastener ), 
nail 


must 
as Gibraltar in the 
first act but must give way in seconds 
to the swank night club in the second 
just as the servo amplifier chassis must 


strong 


be firmly anchored in place to resist 
shock and vibration but must be readily 
removable for replacement in case of 
a casualty. J.R.R. 


Heavens to Betsy! 


ELECTRICAL MANUFACTURING is not the 
kind of publication that trades feature 
articles for paid advertising space. In 
fact, where acceptance of manuscript 
is at editors remain indif- 
ferent as to whether the author’s com- 
pany is an And 
editorial copy has to be laid 
alongside advertisements, as in our 
“New Components and Materials De- 
partment” in the back of the magazine, 
we scrupulously watch that a product 


issue, we 
advertiser or not. 
where 
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This Month’s Cover 


THE ABSTRACT PATTERN on this month's 
cover seeks to reflect the exciting and 
wide spectrum of design engineering in 
the year 1958. It is intended to give the 
feeling, the inherent design challenge, of 
contemporary words like microminiaturi- 
zation, cryogenics, human engineering, 
static controls, solid state devices, quan- 
tum mechanical amplifiers, nuclear radia- 
tion environments and magnetohydro- 
dynamics (to cite a few) that certainly 
were alien to the design engineer’s pro- 
fessional vocabulary three decades ago 
when the first issue of Evecrrica, Man- 
UFACTURING appeared. Above all, in its 
dynamic configurations, the cover seeks 
to reflect the past and continuing growth 
of the total field of electrically energized 
equipment. 
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Orders for DRIVER-HARRIS Nickel and 
Nickel Alloy Wire FILLED IN 24 HOURS 


If we receive your order in the morning, it will be shipped STAINLESS S$ 


out before evening . . . this is the new service policy of Driver- ree oe a — saan a -_ ohh ee 


Harris in the manufacture and distribution of 18 most fre- Type 330 .......... 25 wire sizes from .0063 to .144 

quently purchased Nickel and Nickel Alloys in wire form. NICHROME® «eee 65 wire SiZes from .0007 to .289 

NICHROME* 62 wire sizes from .00045 to .289 
: : CHROMAX’......... 35 wire sizes from .0031 to .258 

improved delivery schedule for Monel, Grade “A” Nickel, 36 wire sizes from .0005 to .036 

Inconel, R Monel and some Stainless Steels with lead time ADVANCE* 49 wire sizes from .0008 to .258 

reduced to only 7 days in certain cases. The following list MANGANIN 37 wire sizes from .001 to .1285 

29 wire sizes from .001 to .182 


ae é ; ae 28 wire sizes from .00175 to .182 
listing showing all sizes and specifications, contact the nearest 28 wire sizes from .0015 to .182 


In addition to this new warehouse stocking program, is the 


covers immediate availabilities. For complete detailed current 


Driver-Harris branch —or call HUmboldt 3-4800 (New LEAD TIME FOR MANUFACTURING WIRE & RIBBON 

2 5 aus oe As low as 10 days for 
Jersey), REctor 2-9579, 80, 81, 82 (New York City). COLD DRAWN MONEL wire sizes from .001 to .1875 
GRADE “A” NICKEL wire sizes from .001 to .1875 
COLD DRAWN INCONEL.......... .wire sizes from .001 to .1875 
MONEL 25 wire sizes from .0021 to .091 MNES a ee wire sizes from .0285 to .204 
GRADE “A” NICKEL 12 wire sizes from .0025 to .091 As low as 7 days for 
GRADE “D” NICKEL... 9 wire sizes from .005 to .015 STAINLESS STEELwire and ribbon 
INCONEL...... 3 wire sizes from .0253 to .050 Types: T-302, T-304, T-305, T-316, T-430, T-446 


* 
TM. REG. U.S. PAT. OFF 


IN STOCK READY FOR DELIVERY 


INCONEL @ MONEL 


: 0% T™. REG. U.S. PAT. OFF 
INTERNATIONAL NICKEL 
HARRISON, NEW JERSEY « BRANCHES: Chicago, Detroit, Cleveland, | “ile 


Distribut ANGUS CAMPBELL, INC Los Angeles, San Francisco anada B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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a Complete line of 


D.C. TORQUE MOTORS 


FOR DIRECT DRIVE SERVO APPLICATIONS 


IN TYPICAL 
HOUSING 


WITHOUT 
HOUSING 


High angular acceleration by utilizing direct 
Oleh Ce Ge OOO tee come 


High peak torque per unit volume 
Minimum control and total power input 
Rapid electrical response 


Optimum shape for compact systems 


THIS DESIGN TAKES MAXIMUM ADVANTAGE 
OF THE PROPERTIES OF DC CONTROL POWER 
AND PERMANENT MAGNET FIELDS. 


TYPICAL RATINGS 


30"0.D.,6.2" LGTH. 
24"0.D.,5.8" LGTH. 


12.5"0.D.,5.0" LGTH. 


12.5"0.D., 2.8" LGTH. 
10.5"0.0.,2.7" LGTH. 





6.3"0.D., 1.3" LGTH. 
5.2"0.0., 1.3" LGTH. 


4.0"0.D.,1.!" LGTH. 
2.9"0.D.,1.0" LGTH. 


2.9"0.D., .62" LGTH 
1.9"0.D., .50” LGTH. 


TORQUE, POUND~- FEET 


(ZERO SPEED WATTS INPUT) ? 
Matching Rotary Amplifiers Also Available 


For further information and Catalog write to: 


INLAND MOTOR CORPORATION 


MANUFACTURERS OF ELECTRICAL MACHINERY 
23 W. WASHINGTON AVENUE 
PEARL RIVER DEPT. B NEW YORK 
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description does not fall on the same 
page with the company’s ad of that 
or any other product. 

Imagine our surprise and chagrin, 
then, when we opened up the March 
issue and found the carry-over of the 
lead article on “Switching Reactors” 
facing the advertisement of the spon- 
soring company. Somebody else had 
“made up” the advertising pages! 

The ad features a worried look on 
the face of Nikita Khrushchev when 
he discovers that an American manu- 
facturer has developed a static logic 
function control system using switch- 
ing reactors with “freedom of design 
and economy never before available.” 
Freely translated, his exclamation in 
Russian was “Heavens to Betsy!” We 
doubt that this bit of information has 
as yet reached the Kremlin, but we’re 
sure that the ad will attract attention. 

As if to add to the unintended coin- 
cidence, the carry-over of the article 
on “International Standards for Motor 
Dimensions” on the same facing page 
states “. . . Russians expressed dis- 
satisfaction” (with one of the motor 
tables in this case), but what a beauti- 
ful caption for the ad on the facing 
page! F.J.O. 


Proposed House Wiring Scheme 
Offers Appliance Design 
Opportunity 


It has long been felt that present con- 
struction practices and code limitations 
have hampered the growth of the ap- 
pliance industry and also posed limita- 
tions on the efforts of appliance de- 

(Continued on page 300) 


Coming Up 

{ major insert on the theory of Prob- 
ability and Statistics for design engi- 
neers is scheduled for May. These 
established techniques, used by quality- 
control engineers for years, can he 
helpful in evaluating test data and in 
designing experiments so as to reveal 
a number of answers from one test 
set-up. 

Other features will include a review 
of structural uses of aluminum in Europe 

. development of a wide speed range 
d-c motor that is water cooled 
design data on miniature sliding contact 
assemblies . . . uniform tests for a-¢ 
solenoid characteristics . . . new plastics 
and ceramic foam materials for encap- 
sulation of electronic components .. . 
advanced techniques. for making high- 
frequency magnetic measurements. 

May ELectricAL MANUFACTURING will 
also see the start of an important new 
series on Boolean Algebra, useful in 
solving complex circuit problems. 
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e Use Inquiry Cards to Get More Information on Any Advertised Product or Service 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will op perenne by publisher 


by June |, 1958 


if receiv 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by June |, 1958 
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MODEL TT— 
Molded Module 


MODEL TT— 
SPECIFICATIONS 
COIL WATTAGE: Rated nominally at .150 watt per 
pole at an ambient temperature of 20°C. 
COIL OPERATING VOLTAGE RANGE: To 115 VDC. 


CONTACT RATINGS: Up to 5 amperes at 115 volts 
AC or 32 volts DC noninductive, with standard contact 
material, palladium. Other materials can be supplied. 


CONTACT COMBINATIONS: Standard combinations 
are DPDT, 4PDT, and 6PDT (maximum). Others can 
be furnished. 


WEIGHT: Approximately 2 ounces for 4PDT relay. 


WRITE FOR BULLETIN 160 


MODEL TS— 
Molded Module 


MOOEL TS 


MODEL TS— 
SPECIFICATIONS 


COIL WATTAGE: Rated nominally at .250 watt per 
pole at an ambient temperature of 20°C. 


COIL OPERATING VOLTAGE RANGE: To 115 VDC. 


CONTACT RATINGS: Up to 10 amperes at 115 volts 
AC or 32 volts DC noninductive with standard contact 
material, silver-cadmium oxide. Other materials can be 
supplied. 


CONTACT COMBINATIONS: Standard combinations 
are DPDT, 4PDT, and 6PDT (maximum). Others can 
be furnished. 


WEIGHT: Approximately 3 ounces for 4PDT relay. 


“see 8e88 
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Large (600 h.p.) Banbury motor coil after 
rebuilding with epoxy encased coils. Heat 
and vibration opened crevices in original 
coils wrapped with conventional materials. 
Carbon black penetration caused failures. 
Epoxy case is extremely hard, and strongly 
bonded to the conductor. 


| 
hs 
parr 


TO PROTECT AGAINST FAILURE OF COMPONENTS... 


embed them in BAKELITE 


Shock in jet aircraft finds the RAM 
accelerometer prepared. It’s a 
uniquely-designed, extremely low- 
friction type, hermetically sealed 
with compounds based on BAKELITE? 
Brand Epoxy Resins, providing 

a constant self-damping factor over 
a wide altitude —temperature range. 
Vertical white lines in cross-section 
are fine wire windings embedded 

in the epoxy. 


A 50% increase in mechanical life 
resulted when starter motors 
were equipped with this coil 

encapsulated in BAKELITE Epoxy 

Resins. It cut moisture-caused 
burnout almost to zero. Motors run 
eight per cent cooler. The tough 
resin prevents damage by vibration 
or impact. It virtually eliminated 
coil changing, and reduced 

stocking of coils and starters. 

Cured resin withstands temperatures 
from —90 to 250 deg. F. 
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Simple steps in casting 
with BAKELITE Epoxy Resins 


Ive your delicate electri- 
. oa components and 
subunits the protection to 
meet the most gruelling per- f Hewed a0. Maule 
formance demands... in- a cae ee ae ae 
crease their reliability .. . harm to fragile ele- 
avoid failures... cut down ‘ 4 ments in the assembly. 
on costly maintenance ... 
Embed, encapsulate, or 
pot them in Bakexrre Brand 
Epoxy Resins —the “sturdy case” that hardens 
and keeps them safe. BAKELITE Epoxy Resins 
provide toughness, and mechanical strength 
. form a strong bond with metals, ceramics, 
and other surfaces ... possess excellent cor- Fills every crevice—low 
rosion resistance and dielectric properties. ' : Viscosity permits com- 
7 2 e plete penetration, mini- 
A wide variety of formulations provides: % mizes air entrapment. 
low viscosity—to permit penetration of fine 
crevices and the addition of fillers when 
economies demand it. Colors may be added 
for coding. 
dispensing ease —for automatic machines. 
sufficient pot life—long enough to permit 
proper handling. 
safe exotherm—so that heat of reaction will : 7 
not harm delicate components. einai tat 


BAKELITE Epoxy Res- 
minimum shrinkage—to provide maximum ins can be cured at 


Rite 


. e *y. room temperature or at 
dimensional stability. +o ae 


elevated temperature. 
From the advantages shown here, you can 


project many of the benefits your own prod- 
ucts will enjoy. They are important to the 
engineer seeking miniaturization, handling 
safety, replacement speed, economy, and pro- 
tection against moisture and vibration for 
sensitive electrical parts. 


Keeps assembly safe— 
embedment resists 


® % 
: ‘SS shocks, chemicals, 
moisture, and holds 
components firmly. 


Bakelite Company will help you with 
laboratory and research facilities, years of 
expe rience in plastics , and a variety of epoxy 
resins unsurpassed in quality. For informa- 
tion, write Dept. CE-52, Bakelite Company, 
Division of Union Carbide Corporation, 


30 East 42nd Street, New York 17, N. Y. 


it pays to protect with BAKELITE UNION 


BRAND 


STiIcSs CARBIDE 


The terms BakKeLire and Union Carsine are registered trade-marks of UCC, 
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SAME NEMA RATING IN 


60% LESS SPACE 
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New-product news from Louis Allis 


PERFORMANCE-PROVED RADIAL 
AIR-GAP DEPENDABILITY 





60% shorter— 
but with radial air-gap design! 


New Louis Allis Pancake Motor preserves 


all the advantages of conventional motor construction 


The new Louis Allis Pancake Motor is your solution to trouble-free power 
in any space-cramped motor application. 


The Pancake is a remarkably short flange-mounted motor — up to 
60% shorter and 33% lighter than standard motors of the same rating! And 
it is built in conventional radial air-gap design! 


It’s done by an ingenious forming process which literally compresses the 

end coils of a conventional radial air-gap motor into an exceptionally short length. 
The result is a compact, light motor ideally suited for horizontal or vertical 
mounting on machine tools, roof ventilating fans, or any close-quarter installation 
where space is a critical design factor. 


What’s more, this is achieved without sacrificing a single desirable 
characteristic: the stator still contains the same iron and copper as standard 
Louis Allis motors . . . standard NEMA service factor is maintained . . . 

high insulative values are retained by using proved Louis Allis varnishes and 
new insulating techniques. . . over-sized pre-lubricated bearings are used to 
guarantee long bearing life ... and the entire motor is enclosed in an 
industrial-type cast-iron housing designed to shrug off abuse! 


The housing and flange are cast in one piece: this permits extra-accurate internal 
machining which extends bearing life and reduces noise levels to a new low. 


Investigate the Pancake Motor through your local Louis Allis District office. 
Sized from 1 to 15 hp, at 1800, 1200, and 900 rpm, in open drip-proof and 
enclosed non-ventilated or fan-cooled enclosures. Write for Bulletins 2100 and 
2150 to the Louis Allis Co., 428 E. Stewart St., Milwaukee 1, Wisconsin. 





MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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New 100- and 150-watt sizes incorporate latest design improvements 


ENGINEERING DATA 


Resistance Range 
(Stock Values) 


1 to 10,000 
ohms 


*—Ratings based on a 300°C rise in a 40°C ambient. 


Contact Shoe: “Twin” metal graphite, equipped 
with integral copper leaf conductor ribbon riveted to 
the control arm. 


Contact Arm: Balanced beryllium copper, locked 
directly to insulating hub. 


Base and Core: High-grade ceramic of high die- 
lectric strength with toroidally wound resistance 
wire or ribbon of highest stability. 


Max. Voltage Spacings: 300 volts in accord- 
ance with Underwriters’ Laboratories requirements. 


Naturally, these new 100- and 150-watt ring rheostats give you the 
same outstanding, proved design features you get in 25-, 50-, and 
300-watt sizes. Exclusive “twin-contact” shoes insure uniform con- 
tact resistance, extra-smooth resistance change. Two sintered, self- 
lubricating contacts—one on the collector ring and one on the re- 
sistance winding—can’t gall or seize like metal-to-metal contacts. 
They insure long, stable operating life under rated loads. 

Ward Leonard Vitrohm vitreous enamel permanently bonds base 
and core, firmly secures the high-stability resistance wire. Base and 
core are of high-density, low-porosity molded ceramic of high dielec- 
tric strength. 

A new ceramic hub design substantially eliminates backlash. It 
also makes for fast delivery on special shaft requirements. 

Write for Ward Leonard Bulletin 60RR. It gives complete speci- 
fications on 25-, 50-, 100-, 150-, and 300-watt ring rheostats. Ward 
Leonard Electric Company, 34 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) «5 


LIVE BETTER... E/ectrically © ( ith 
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If overheating 


can cause trouble — 


BUSS HEAT-LIMITERS may 


be your 


BUSS Heat-Limiters are being used 
to protect many types of electrical 
devices or apparatus against excessive 
heating creating a hazard or resulting 
in loss of material. 


Where thermostats are used, BUSS 
Heat-Limiters provide ideal back-up 
protection should the thermostat fail 
for any reason. 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 

BY THE MAKERS OF 


BUSS FUSES 


APRIL 1958 


answer! 


BUSS Heat-Limiters are available 
in many types and in many styles of 
terminals to suit requirements. 


Tell us your problem and let BUSS 
engineers work with you to help solve it. 


For more information use coupon or 
write... Bussmann Mfg. Division, 
McGraw - Edison Co., St. Louis 7, Mo. 


How BUSS Heat-Limiter operates: 
A BUSS Heat - Limiter has a thermal 
cut-out that opens the circuit if any- 
thing causes the temperature to rise 
above its opening point. 


ae # 


TYPICAL APPLICATIONS 
FOR BUSS HEAT-LIMITERS 


REFRIGERATOR 
DEFROSTERS 


COOKERS 


and other devices or apparatus where 
excessive heating or failure of tem- 
perature control might cause trouble 
or a hazard. 


Bussmann Mfg. Division (McGraw-EdisonCo.) University at Jefferson, St. Louis 7, Mo. 


Please send information on BUSS Heot-Limiters 
Nome 
Company 


Address 
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Aircraft control 


WHATEVER THE #@2}, == 
APPLICATION... 


you can improve 
your product with 


GRAMIX 


(PRODUCT OF POWDER METALLURGY) 


PRECISION 
FINISHED satiate bonten 


for industrial blower shaft 


Hardened steel drive 
sprocket for lawnmower 


PARTS 


GRAMIX precision finished parts are improving products in virtually every 
branch of industry. A pump manufacturer, for instance, may specify a gasoline 
pump rotor made of GRAMIX and gain a number of advantages. 


To begin with, the alloys are carefully blended to meet his individual require- 
ments. The GRAMIX parts are then die-pressed to exact shape, sintered under 
rigid control and finished to tolerances as close as .0005”. (This process, of 
course, costs far less than machining, forging or casting.) The manufacturer can 
expect the GRAMIX gasoline pump rotor to do a better job because a// GRAMIX 
parts are precision engineered and precision controlled from alloying to finishing. 


No matter what the application may be, GRAMIX parts fit specifications exactly. 
Parts may be impregnated with oil ... to insure a longer life and a quieter opera- 
tion: if specified, the GRAMIX parts may be coined and work hardened, even 
prepared for plating. 


The rotor is only one of thousands of applications in which GRAMIX precision 
finished parts have proved to be ideal. Just a few of them are shown here, so 


consider the components of your products . . . there may be several that could 
be improved ... with GRAMIX! Products of powder metallurgy you can rely on. 


THE BURITES STATES 


GRAPHITAR® carson-crapuit: » GRAMIX® powoereo metal parts © MEXICAN” crapnire prooucts * USG° prusues 
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Iron switch control 


infiltrated iron gear 
for lawnmower 


Packing gland follower used 
in hydraulic system 


Rotor for gasoline pump 


Write today for factual Engineering Bulletin 
No. 21... we'll send your copy right along. 


Bronze rotor in high speed fueling unit 


X-253-1 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
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DIP IN SOLDER... 


Anaconda announces nalac an improved 


New Analac* film-insulated, solderable magnet wire can 
be used similarly to Formvar or Plain Enamel—except that 
it is solderable without stripping! 


Soldering by dipping, iron or gun produces a perfect 
joint—in just one second in finer sizes—without prior re- 
moval of the insulation. Analac reduces labor, saves time 
and money wherever 


many soldered 


connections are 
made, or where small diameter wire makes other means 


of insulation removal hazardous to the insulation or wire. 
Not only this, Analac has the excellent abrasion re- 


sistance and other good mechanical properties of the 
enamel wire youre now using. It handles readily, per- 


forms well in high-speed winding. 
Analac is colored a bright red with stable dye used 
many years for identical applications—making it highly 


visible even in finest sizes. This helps operators feel more 


secure, results in higher quality work. Distinctive color 
simplifies its identification, too, from nonsolderable wires. 
Analac is available in an exceptionally large range of 
sizes. The Man from Anaconda will be glad to give you 
more information and help with a production run in your 
plant. See “Anaconda” in your phone book—in most prin- 
cipal cities—or write: Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muskegon, Michigan. 


*Reg. U. S. Pat. Off. 








STRONG JOINTS—as strong as the same joints made 

in bare copper wire—are produced. Here in laboratory 
. ot : 

test, joint holds under high stress. 


EXCELLENT ABRASION RESISTANCE of Analac is 
shown in this test. It has the same high windability 
normally associated with Formvar, Plain Enamel. 


JOINT IS COMPLETED WITHOUT 
STRIPPING WIRE with Analac wire dipped in 


a 50-50 tin-lead solder at 360°C (680°F). The insulation is 


removed at the temperature of molten solder. 


> 
Le noe 
solderable magnet wire MOLDED-PLASTIC CASES — designed and devel- 


oped by Anaconda—protect spools of Analac from dam- 
age during shipping. Result: no breaks due to bent 


cee ew www eee wn nrress ss 


See the Man from 


NACOND 


for ready-to-solder 


Analiac 
magnet wire 


spools. 


NEW CATALOG ON ANALAC 


Yours for the asking. 
Mail coupon 
for your copy. 
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ANACONDA WIRE & CABLE COMPANY 


Magnet Wire Headquarters, 
Muskegon, Michigan. 


Please send me catalog C-95A on 
Analac ready-to-solder magnet wire. 


NAME & TITLE 


COMPANY 


ADDRESS 





ileyg-aw POWER to you * 


ey l(a 
change in your pockets, too... 


With MERKLE-KORFF Geared Motors 


Tel baer Mad ee ame let Me Mele) aT: Ml 
torque, compactness, flexibility and long-life operation at a price 
a the cost engineering department will appreciate. 


Specially engineered starting torques equal or exceed full 
an load torques. Compact minimum weight 2-pole motors provide 
eM eh em DM LM e att Ml-)-) 1: Meet l eile] 
WC Tele ett le ea a 
Sete ed eG lai mel Mee lee iei it tlt] 
porous bronze motor bearings, enclosed oil immersed gearing, 


phosphor bronze gear case bearings and .0003 inch accuracies 
Pyaar es 


Ola CMR eM A 
thousands of proven variations help us to engineer a better geared 
motor drive unit for your applications. 


LET US PROVE IT! 


Ce CM ee 
submit your machine for testing in our laboratories. 


*More torque 
slam Lol ale 
Tie Me slam Clio 


A 
“ 


Representatives in. principal cities 


(TNE timerrcm ty hg 


211 N. MORGAN ST., CHICAGO 7, ILL. 


\ x From .4 to 300 inch pounds at 800 to '2 RPM 


i 
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In huge prime movers...in small turbine auxiliaries 


Its performance and name are the same 


Other Outstanding 
Shell Industria! Lubricants 


Shell Tellus Oils —for closed hydraulic 
systems 

Shell Alvania Grease — multi-purpose 
industrial grease 

Shell Rimula Oils—for heavy-duty 
diesel engines 

Shell Talona R Oil 40— anti-wear crank- 
case oil for diesel locomotives 

Shell Dromus Oils—soluble cutting 
oils for high-production metal working 
Shell Macoma Oils—for extreme pres- 
sure industrial gear lubrication 


Shell Voluta Oils—for high-speed 
quenching with maximum stability 


around the world 


" Pelbensneiuiiiaaaieniaa and turbine-users’ reports 
prove that Shell Turbo Oil is outstanding in oxidation 
stability and rust protection. In addition, this oil 

now has special properties to insure adequate 
lubrication of the highly loaded gears in ship 
propulsion and industrial applications. 


Wherever your turbine equipment is installed, 
make Shell Turbo® Oil your standard recommendation. 
Shell Turbo Oil is now available to your customers in 
most foreign countries, and with it, you can be sure 
your equipment will give them the same performance 
that your domestic customers enjoy. 


For more complete information on Shell Turbo Oil, 
write Shell Oil Company, 50 West 50th Street, New 
York 20, New York, or 100 Bush Street, San 
Francisco 6, California. 


SHELL TURBO OIL 
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Vertical Hollow Shaft Motors 2 
1 to 700 hp 
Heavy, solid cast iron 
frames that can’t dent or 
rust through. Also, sealed 
bearing chamber .. . 
metered oil flow .. . dual 
ventilation. Available in 
weather-protected, 
TEFC and explosion- 
proof models. 


Jet Pump Motors 13 to 3 hp 

4 Exclusive totally-enclosed 
end-mounted starting switch— 
sealed from dust and dirt. 
Controlled ventilation for 
uniform cooling of windings 
and rotating parts. Dust- 
carrying air is directed away 
from bearings for longer life. 


Horizontal Fractional Motors 3 to 1 hp > 
Single or polyphase, rigid or resilient base in 
your choice of voltages with more than 2000 “standard” 
fractional variations. A. O. Smith offers the largest 
selection of electrical and mechanical modifications in 
the industry. All models feature permanently 
lubricated shielded ball bearings for longer life. 


Close-Coupled pump and ‘‘C’’ Face Motors 
V3 to 150 hp 

Slash installation costs and time. 
Flange bolts directly to pump casing. 
Pump impeller mounts directly 

on shaft. On all close-coupled and 

“C” face pump motors, extra care is 
taken on all machine tolerances to 
assure alignment of pump impellers. 
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applicati 


domestic 
industrial 
agricultural 


WIDE CHOICE ASSURES 
PROPER SELECTION 


Dependability, rugged construction and 

design that provides the extra stamina to 

walk through motor-killing loads are 

three good reasons why it pays to specify 

A. O. Smith pump motors — 14 to 800 hp. 
But more, you get a wide range of HP 

in every type plus an exceptional range of 

electrical and mechanical modifications. 

Result — A. O. Smith pump motors can be 

matched exactly to the job at hand 


an. 

Vertical Solid Shaft Motors '/3 to 800 hp 
Feature the same heavy, trouble-free 
construction as A. O. Smith Vertical 
Hollow Shaft Motors... excess thrust 
capacity .. . grease-lubricated shielded 
bearings for added service life. 


For complete details, see 
your A. O. Smith motor man 
or write direct. 


~ 

Horizontal Integral Motors 

1 to 800 hp 

Single or polyphase... with iat : ; 
every variation. Open weather- eres e 
proof, TEFC or explosion-proof; i 

all voltages, any insulation / Z * & 

required. These motors feature ee 2 CeRrPrBeBRATION, 
a unique lubrication system : : 

with bearings that can’t é‘ Rae ELECTRIC MOTORS 
be overgreased. : : Tipp City, Ohio 


A. 0. Smith international S. A., Milwaukee 1, Wisconsir 


Through research < I ...a better way 
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Generator brushes wearing too fast ? 


TIONAL brush man showed 


TRADE MARK 


this electroplater how to double brush life! 


Rapid brush wear was limiting gener- under 20% overloads. This “National” BGX brush 
ator performance at this busy electro- grade actually doubled brush life. 
plating plant, says “National” Carbon Cliff Brower and his fellow “National” Carbon Brush 
Brush Man, Cliff Brower. No other Men have been solving industrial brush problems for 
industrial brush solved the problem years. Their experience and training—backed by 
caus enter until Cliff suggested a newly developed “National” long term brush development—make them 
“National” brush grade. the best consultants on any industrial brush problem. 
That was five years ago. Since then not one commu- Call your “National” Brush Man today. Or write 
tator has been stoned or turned. Brush wear has been National Carbon Company, Division of Union Carbide 
even, with no selective action or overheating — even Corporation, 30 E. 42nd St., New York 17, N. Y. 


UNION 
CARBIDE 


The terms “National’’, "N” and Shield Device, and “Union Carbide’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY - Division of Union Carbide Corporation «+ 30 East 42nd Street, New York 17, N.Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada; Union Carbide Canada Limited, Toronto. 
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MAKE RELIABLE CONNECTIONS FASTER, CHEAPER WITH 


KELLER Wine-Wnap TOOLS 


air and electric tools for solderless wrapped connections 





Solderless wrapped connections... the process proved 


Fast, economical, solderless, metal-to-metal connec- 
tions that resist vibration failure and corrosion. That's 
the solderless wrapping method—proved superior by 
billions of connections without a reject. 

With a lightweight, fast-acting Keller “Wire-Wrap” 
tool, you wrap up wiring jobs fast and you get 
these profit-building benefits: 


Wire insertion 
and anchoring 


Terminal 
insertion 


Greater production. You make permanent solderless 
connections in a hurry. Three seconds total time re- 
quired per connection. Actual connecting time 1 10 


second. 


Lower production costs. You climinate the expense 


of precise process control required by other methods. 


Reduced labor costs. You make more connections 
per operator, with less fatigue. You eliminate solder- 
ing—no faulty connections that require expensive hand 
repair work. 


Higher quality. Mechanically strong connections 
electrically stable—proved most reliable in industry. 


HOW THE KELLER 


Wine-Wrap 


TOOL WORKS 


Wrapping Finished connection 


KELLER Wine-Wrap TOOLS —ADAPTABLE TO CIRCUITRY OF EVERY TYPE 


Television chassis wiring with Keller 
“Wire-Wrap”’ tools helps cut production 
costs and simplifies quality control pro 
cesses. Only a periodic check of the con- 
nection produced is required to insure 
consistent quality. 


Relay panels on oil burner stack controls 
are wired with vertically mounted Keller 
“Wire-Wrap” air tools faster and at less 
cost than with soldering methods. Main- 
tenance cost of tools like this is less than 
that for soldering operations. 


Switchboard panels of telephone dial- 
ing system are interconnected with 
electrical ‘““Wire-Wrap”’ tool. In man- 
ufacture of panel subassemblies, con- 
nection of wires to relay terminals is 
made with air-powered tools. 





TC ee SMUT Ter CCU ST re 


Large, gas-tight contact 


areas. Just four turns of wire SELECT FROM THESE 


produce a contact area 

greater than the cross-sec- STANDARD MODELS 
tional area of wire. Surface 
adhesion at contact areas . 

prevents damage from severe for wire sizes 26-18 gauge 
temperature changes, humid- 

ity, corrosive atmospheres 

and vibration. 


Model 14M1 


air-powered with 


High-pressure, metal-to- straight handle. 


metal contact. After wrap 
ping, cold flow of copper 
Causes pressure in center of 
contact area to drop from 
100,000 psi. to about 29,000 
psi. The metal then stabilizes 
: pressure remains con- 
stant. Keller “Wire-Wrap” 
tools produce a clean meta!- 
to-metal contact. As connec- 
tion ages, it becomes me- pistol-grip handle. 
chanically stronger due to 

solid state diffusion. 


Model 14B1 

No embrittlement or stress electric-powered with 
concentrations. Embrittle- prep ote Sanrte, 
ment caused by change in 

metallic structure is impos- 

sible. No heat is used in mak- 

ing solderless wrapped con- 

nections. Elimination of 

stress concentration where 

wire joins terminal results in 

superior vibration life. 


Close terminal spacing. To- Mode! 14A-28 


day’s trend toward compact air-powered with 
electrical assemblies natu- straight handle. 


rally demands close spacing 
of terminals. The small di- 
ameter of the Keller ““Wire- 
Wrap” tool tip permits close 
terminal spacing. In addi- 
tion, a number of wires can 
be connected to the same 
terminal. 


REQUEST FREE BULLETIN 14-1 


Here are 16 pages packed with 
eo luable data. The bulle i 
ns valuable data. 1e bulletin is 
ens. ; 3 
oe completely illustrated with dia- 
grams and pictures. It includes a MANUAL TOOLS FOR SERVICEMEN 
comprehensive explanation of 


the solderless wrapping method, sein — 


Unwrapping tool for removing connections. Either 
right- or left-hand rotation available. 


Wrapping tool for use where power is not available. 


plus full details on terminal re- 
quirements, and specifications on 


Keller “Wire-Wrap”’ tools. 





ae, 
FEEDING 


GRIPPING 


The Keller Wine-Wrap Machine 


for automatic Component assembly 


The Keller 14E-1 two-spindle component “Wire- 
Wrap” machine attaches axial lead components. Com- 
pletely automatic, it places and wraps up to 2000 
components an hour. 

The machine handles leads from 24 through 20 
gauge ... terminal spacings from 42" to 6”. It can be 
adapted for hand loading of components or automatic 
feeding from reel packages or strip cartridges. 

If you use resistors, diodes, capacitors, other similar 
axial lead components or wire—find out about this 
automatic technique. Write for Bulletin 14-71. 


Printed in U.S.A 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


yAGARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 





New Skinner Valves 
at Low Prices 


Here it is— one of the many new lines Skinner will 
bring you in 1958. A new 2-way, normally closed, 
pilot-operated valve that is lighter in weight — only 
1%4 pounds—and smaller in size, yet permits full 
flow through a 14” orifice with 3%” or 4%” pipe taps. 

The valve handles pressures from 5 psi to 150 psi, 
with temperature ranges from —40°F to 180°F, and 
will operate on all popular AC and DC voltages. It’s 
small but rugged, economical but efficient — manu- 
factured to the highest engineering standards of the 
Skinner Valve line. 


Versatility is also a feature of the new Skinner’ L 
Series; modifications are already available for normally 
open operation, with such options as manual override, 
explosionproof construction and choice of electrical 
connectio~s to fit your application requirements. 


You can get full details of this exciting, new valve 
line by writing us direct or by contacting the Skinner 
Representative or Distributor near you. He’s listed in 
the Yellow Pages. Write Dept. 384. 


2-way normally closed 
shown actual size. 


LOOK AT THESE HIGH-QUALITY FEATURES: 


Unique Diaphragm Design — by actual test, this new de- 
sign outperforms all others — the diaphragm is com- 
pletely supported at all times. The nylon-reinforced buna 
diaphragm has a high resistance to media impurities, and 
only a small area is exposed to pressure, which assures 
long, trouble-free life. 


So Easy to Mount—so light in weight that it can 
economically mount directly to line. 


Operates upside down, sideways, in any position — strong 
spring action snaps valve shut — every time. 


Forged Brass Body — provides low porosity and dense 
metal structure for rugged application and no leakage. 


Low Wattage Consumption — coil consumes only 8 watts, 
considerably less than comparable valves. 


Soft, Synthetic Inserts — withstand constant opening and 
closing of pilot and main orifices — are long-wearing and 
provide absolute bubbletight operation. 


Internal Stainless Steel Parts — eliminate internal rust- 
ing, clogging or contamination. 


ELECTRIC VALVE 
DIVISION Zi 


THE CREST OF QUALITY 
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MAKE 


Aluminum windings, with their high- 
strength and high-conductivity 
characteristics, are being installed 
on the rotor of this large generator. 
The high centrifugal stresses im- 
posed in rotors of this size have long 
been a major problem for designers 
of heavy industrial equipment. 
Lightweight aluminum has provided 
an ideal answer 


THESE PRODUCTS 
TAKE ADVANTAGE OF 


ALUMINUM’S LIGHT WEIGHT: 


OF ALCOA ALUMINUM BECAUSE 


alumimum Is 


et 
‘ 


High-strength castings of Alcoa" 
Aluminum are ideal for service 
where light weight and strength are 
important. Here the handle and 
housing are fabricated as a single 
casting. The result is a strong, good- 
looking, lightweight tool. 


is 


Wiring in aircraft electrical sys- 
tems often weighs as much as one- 
third of the total electrical equip- 
ment on board. It’s easy to see that 
aluminum wiring can lift hundreds 
of critical pounds from aircraft 
deadweight. 
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Aluminum weighs only a third as much as an equal 
volume of other common metals. Here’s how you bene- 
fit from this light weight when you design and build 
your products with aluminum: 


Built-in Portability—For products that have to be 
moved from place to place, every ounce of aluminum 
that replaces a heavier material adds a sales advantage 
that lasts throughout the life of the unit. 


Lower Inertia Losses— Moving parts made of light- 
weight aluminum start, stop or change direction with 
less wasted energy. Rotating aluminum parts are sub- 
jected to lower centrifugal forces, and wherever alumi- 


num is used, supporting structures and framing can be 
lighter. 


Easier Installation—Light weight makes aluminum 
easier to handle and install. Workmen accomplish 
more, building and assembly costs are lower, and the 
saving is realized all the way to your customer. 

Lower Shipping Costs—Transportation charges are 
much lower with aluminum. Whether as basic material 


or finished product, aluminum’s light weight saves 
you money. 


Alcoa wants to help you take advantage of aluminum’s 
light weight in the products you design and build. 
There’s an Alcoa sales engineer near you who can offer 
competent advice. Call Alcoa or write to Aluminum 
Company of America, 2315-D Alcoa Building, Pitts- 
burgh 19, Pennsylvania. 


To. 7 \ Your Guide to the Best 


i in Aluminum Value 
; 


ALCOA ©. a 
ALU AAT NU AA 


i 
ELECTRICAL CONDUCTORS ee 
; eNO ACCESSORIES ALCOA THEATRE” 
S ceceeccatpde Gmeenaaee os Munn Exciting Adventure 
a Alternate Monday Evenings 


FHOTO COURTESY OF GENERAL ELECTRIC CO 


Light, strong. portable television 


sets like this depend on aluminum’s 
rugged strength and inherent light- 
ness. Designers recognize that alu- 
minum offers just the right combina- 
tion of good looks and strength for 
applications like this 
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This mobile electric power unit uses 
aluminum inside and out. Aluminum 
bus efficiently carries the electrical 
load inside, and aluminum’s light 
weight, strength and corrosion re- 


sistance assure long carefree service 


of the van body itself. 
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The effective lifting power of electro- 
magnets of this type is increased by 
the use of lightweight aluminum 
windings. This means that cables 
and crane suffer less wear and tear 
from lifting the dead load of the 
magnet. 





iF 
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iS 


ww with custom-made 


Circle F Wiring Harnesses 


A CIRCLE F wiring harness, made to your specifi- 
cations, saves costly assembly time and assures 
a complete wiring system that simplifies inven- 
tory and stock control. Your ‘‘custom-made”’ 
Circle F Wiring Harness provides you with a 
single unit wiring system that makes your 
product work better, cost less and sell faster. 
Now, you don’t have to order ‘“‘parts’’ and 


“‘devices’’ from various sources and assemble 
them. Circle F does it for you... to your own 
specifications . . . to meet your design require- 
ments on refrigerators, washing machines, stoves, 
etc. 

There is no question about quality or price. 
You get the finest precision Wiring Harness... 
engineered for you by Circle F. 


Got a wiring problem? Call on Bill Harris at Circle F. 
He'll be happy to consult with your engineering 
department and help you to design the wiring harness 
that will do the best job for you. 


Circle F Mtg.Co. 2 mm 
TRENTON 4, NEW JERSEY anced a 


For your wire requirements: Eastern Insulated Wire Corp. A Subsidiary ° 9 Mmontrea 9, 
Box 591, Trenton, N. J. “1ag6 
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Liquid Heating Guide 


How to choose electric heaters 
for liquid heating applications 


Here is condensed information to help 
you get the most economical electric 


heaters for your liquid heating design 
problem. 


Three factors generally determine which 
type heater should be used for any par- 
ticular liquid-heating application. They 
are: the physical characteristics of the 
container, the nature of the liquid, and 
the temperature requirements. 


General Electric “‘screw-in” immer- 
sion heaters (a) have threaded headers, 
which make for easy and permanent 
installation in pipes, tanks and vessels. 
“‘Over-the-side”” immersion heaters (b) 
hang in tanks or containers, and besides 
being portable, they are ideally suited 
for heating rubber-lined tanks, lead- 
lined tanks, tanks of wood, slate, and 
other materials which are not adaptable 
to heaters with threaded headers. 

Because some metals are subject to 
attack when immersed in certain liquids, 
G-E heaters are made in a variety of 
sheath materials so that they can be 
used for a wide range of liquids. Sheath 
materials of copper, steel, stainless steel, 
nickel, nickel-plated copper, nickel- 
silver, Inconel, Monel, cast iron and 
lead are all available. 

General Electric heaters are ideally 
suited to heating a wide range of 
liquids: Water, oil, electroplating baths, 
cleaning compounds, chemical baths, 
and other fluids. These liquids can be 
circulating or non-circulating; in open 
containers, closed or pressure, vessels, 
kettles, or steam generators. Heavy 
viscous liquids, such as pitch, molasses, 
and asphalt can be heated by using a 
liquid jacket containing immersion 
heaters. 

Where extremely corrosive liquids are 


TABLE I—Water, Alkaline or Plating Baths 


Amount 
of Liquid 


Degrees F Temperature Rise 


20 | 40 | 60 | 80 | 100 


cui 120 | 140 


Feet 





Gallons 


Kilowatts to Heat in One Hour 
0.5) 0.8) 1.6 , 
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TABLE Il—Use This Table For Oil 


Amount of Oil | Degrees F Temperature Rise 
To Be Heated | — ~ 

- | 

| 

| 


50 | 100 | 200} 300| 400 | 500 
Gallons Kilowatts to Heat in One Neue 
Tat cae 
7 


Cubic 
Feet 


“Reh WKORN 


—“ONUNd NNR 





Maximum Time 
(hours) 

















to be heated, it is also often best to use 
a water jacket around the tank. Immer- 
sion heaters may be used for water 


GENERAL @@ ELECTRIC 
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heating in this type of application. 
Many times, it is easier to clamp strip 
heaters (c) or tubular heaters (d) to the 
side of the tank. 


To figure the amount of heat required 
for your application: 


1. Find the number of gallons or cubic 
feet of liquid to be heated. 


2. Figure needed temperature rise in 
degrees F. (Subtract initial temperature 
from needed temperature.) 


3. Check either Table I or Table II 
from the nearest amount of liquid to 
the desired “‘temperature rise’ in the 
right-hand column. 


4. Add 4% to the figure you now have 
if there is no insulation on your con- 
tainer or tank. 


5. Divide the answer in Step 4 by the 
number of hours available for initial 
heat up of the liquid. You now know 
how many kilowatts of heat are required 
for your installation. 


For complete information on sizes 
and ratings of General Electric heaters, 
call your General Electric Apparatus 
Sales Office or send coupon below. 


DELIVERY TODAY: Popular sizes of 
General Electric heaters are available 
today from General Electric stocks near 
your plant. 


SPECIAL SAMPLES: Your General Elec- 
tric sales engineer can advise you on 
special heating problems. If special 
heaters are required, he will provide 
samples. 


PROMPT SHIPMENT: General Electric’s 
new Industrial Heating plant at Shelby- 
ville, Indiana, is now geared to give 
excellent shipping dates on heaters for 
your production needs. Just call your 
nearest General Electric Apparatus 
Sales Office and tell us your require- 
ments. General Electric 


Company, 
Schenectady 5, New York. 


joo r errr 
Section C723-26, General Electric Co., 
Schenectady 5, New York. 


Please send GEA-6305, heating water and 
baths; GEA-6306, heating oil and GEC- 
1005, catalog of G-E Heaters and Devices. 


COMPANY ...... 





MAKES 


PRESLOK’ 
a good buy 


Exclusive Lau locking method 
eliminates blade play at high speeds, 


cuts blower noise 


Lau Preslok construction (so exclusive it’s pat- 

ented ) eliminates the problems inherent in high 

RPM operation—blade play, bowing, and noisy 

operation. Why? Because Preslok construction 

gives both center discs a total of four positive 

mechanical grips on each blade. It works so well 

: that we guarantee increased operating speed 

Circumference of both Blades are punched to Two fingers on each maximums of at least 50% over previous wheels, 
center discs is key-hole leave strong metal sup- center dise slip into 


punched to accommo- port between aperture blade aperture and are size for size. 
date blade aperture. and blade edge. pressed together in 


locking position. Preslok wheels are available from factory 
stock in 9 sizes from 9 thru 18 inches. Isn’t it 
time you checked into Preslok—and Lau 
Blowers? Lau BLower Company, 2027 Home 
Ave., Dayton 7, Ohio. Other plants at Irwindale, 
California and Kitchener, Ontario. 


Here's the man to call... 


Cincinnati 30, Ohio Dearborn, Michigan Kansas City 14, Missouri Seattle 55, Washington 
Don G. Jensen J. B. Wallace Charles L. Sigman William M. Peistrup 
6422 Glade Avenue 9 Byfield Lane 8906 Holly Avenue 19246 Lago Place 
Cleveland 24, Ohio Denver 2, Colorado Pasadena 8, California Syracuse, New York 
Charles C. Miley Ben T. Clark G. R. Mergenthaler Henry Seebach 

1561 Woodrow Avenue 1421 Court Place 495 Cliff Drive 560 Allen Street 
Cranford, New Jersey Elmwood Park 35, Illinois Prairie Village 15, Kansas York, Pennsylvania 
E. C. Wolford William J. Lohrey Victor Stewart E. F. Humphrey 

11 English Village 2047 77th Avenue 7112 Buena Vista 327 Lambeth Drive 


The BIG Wheel in air moving 





New! 
Brush 
Mark IT 


Recording with the new Brush Mark 
II is remarkably simple. 


@ voits/chart line L t 


RECORDER MARK I! 


ig 2e9 @ 


push to prime pens 


Operation is foolproof, with push- 
button chart speed selection . . . fast 
paper loading . . . self-cleaning, self- 
priming pens... built-in, permanently 
calibrated amplifiers. 


Recordings are accurate . . . easy 
to interpret . . . easy to reproduce. 
Mark II operates over a wide ampli- 
tude and frequency range (d.c. to 100 
cps), provides high stability, extreme 
sensitivity with an input range of 10 
millivolts to 400 volts. 


See how Mark II can speed your 
work, help you obtain data — the 
Brush way. 


Convenient operation: 
fast paper loading 
without threading, 
pushbutton controls 
for 4 convenient chart 


speeds. 


Complete recorder with 
built-in, permanently 
calibrated amplifiers. 
Ten millivolt input 
signal gives a deflec- 
tion of one chart line. 


Trouble-free writing system 
features self-cleaning, 
self-priming, rugged pens 
and extra-large ink reser- 
voir. 


——brush INSTRUMENTS 


DIVISION OF 


3405 PERKINS AVENUE CLEVELAND 14, OHIO 
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In direct recording systems 


When you need precise, permanently visible measure- 
ments of electrical or physical phenomena, make your 
logical choice of equipment from the newest Brush 
designs in ultralinear recording systems. For your 
specific application, now choose... 


The writing method! Because different problems 
demand different writing methods, Brush gives you 
your choice...ink...electric... thermal writing. 


48 


GIVES YOU 


writing method. . 


3 Ps. 


“* es e:te 8 err? 2 8: 


The trace presentation! Brush offers curvilinear 
and rectilinear readout. Both methods produce vl/tra- 
linear traces—clear ...sharp...easy to read. 


The configuration! Choose from vertical or hori- 
zontal writing tables, rack mounted or portable 
models, widest selection of chart speeds available from 
50’'/sec. to 10’’/day, providing optimum resolution 
on all signals. Electrically controlled chart drive 
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FREEDOM OF CHOICE 


trace presentation... configuration 


transmissions permit instantaneous switching on the 
Db 


Factory branches, service and warehousing at Arlington, 
spot or by remote control. 


Va., Cleveland and Los Angeles; engineering representa- 


tives in all key locations. 
New functionally designed control panels are clean, 


legible, easy to understand. All components are readily 
g 5 I 


accessible for fast inspection and simple adjustment. brush INSTRUMENTS 


DivisiOnm OF 
ry . . . 3405 PERKINS AVENUE | CLEVITE | CLEVELAND 14, OHIO 
The most comprehensive operating manuals in the conwoeavion 
industry are included with every Brush product. 
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VARSLOT 


© Complete test 
_ available on fequest 


e Agents in All principal cities 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
insulation Manufacturers Corp., 

Chicago, Ill Cleveland, O. 

Dayton, O. Milwaukee, Wis. 

Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Company, Hamden, Conn 
C. D. LaMoree, Berkeley, Calif. 

Los Angeles, Calif. 
W. R. Punt Company, Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 

White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y. 
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& lamination of selected electrical 
g materials thoroughly bonded in 
dupléx or triplex combinations. Typical of 

many Varslot materials available, for 

xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglas* with Mylar 
are also available. 


a 
ie P 


ota 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished ‘‘Fiberglas’’ Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas’’t 
Cloth and Tapes 


“VARSLOT" Combination Slot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Combric 
Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and “Mylar'’* Polyester Film 
Kraft Paper and “Mylor’’* Polyester Film 
Vartex Varnished “‘Fiberglas"’* and 
“Mylar’’* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered tradcmork 
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open up new design possibilities 


Forward-thinking designers can provide advanced 
clutch-and-brake performance for their products-of- 
tomorrow by using FAwickK Magnetics. These electric 
clutches and brakes offer unmatched advantages for 
modern high-speed, stop-and-start machinery. 


optimum controllability—accurate response to controls 
with full power transmitted instantaneously. Controls 
can be local or remote, manual or automatic (push 
button, relay or limit switch). 


trigger-quick action—elimination of residual magnetic 
drag, and minimum “‘decay time” assure fast accelera- 
tion and high cyclic rates. Engagement is smooth and 
shock-free. No axial thrust. 


space-saving design—compact envelope fits limited 
space requirements. Self-contained clutches feature 
largest bore with shortest axial length. 


life-time dependability — extra-long life in wet or dry 


APRIL 1958 


operation assured by excellent heat dissipation, careful 
material selection and precision production. 


FAwick Magnetic Clutches and Brakes are available 
in sizes from 2 to 13 inches diameter with torque 
ratings from 36 to 48,000 in.-Ibs. Write for Bulletin 
M-101 or contact your nearest FAWICK representative. 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 


9919 CLINTON RD. ° CLEVELAND 11, O. 
In Canada, Fawick Canada, LTD., Toronto 


Pas i 
INDUSTRIAL CLUTCHES AND BRAKES 
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AT PHELPS DODGE, MAGNET WIRE “SERVICE” 
MEANS FAR MORE THAN JUST DELIVERY! 


FIRST FOR LASTING QUALITY— FROM MINE TO MARKET 
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A complete line of uniformly high-quality products— backed by the finest 
research and manufacturing facilities. 


Modern, up-to-date packaging designed specifically for easy handling and 
convenient use. 


Prompt customer service on deliveries and all inquiries. 


Application of vast engineering experience in helping select correct wire ana 
insulation to meet requirements. 


Dependable warehouse system in close proximity to major markets. 


A a= 


FORT AYNE, INDIANA RUSE 
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Pow er Transe 
NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLINGS 


AT THE 


DESIGN SHOW 9h ::..---- aaa Y 
BOOTH MAINTENANCE-FREE INSTANTLY- 


537 ADJUSTABLE VARIABLE SPEED PULLEYS 


Don't Fail to Get 

illustrated Bulletins 

Containing Full In- 

formation and En- 

gineering Data at 

Booth No. 537. 

Yours without obli- 

gation, thisliterature SHAFT MOUNTED, GEAR REDUCERS — 
provides a wealth ELIMINATE SUPPORTING STRUCTURES 

of helpful informa- END ALIGNMENT PROBLEMS 


tion on our complete 
line . . . all in com- 
pact, easy-fo-read, 


Stock 
18 Models From 5 RPM. 
easy-to-file form. 8 to 42 


Speeds ---*" scatensl to 120 


First Name 
in Flexible 


. y - - “a 0 to 130700 i 
Couplings : MP{100 rpm). nye ct 


4802 WEST LAKE STREET CHICAGO 44, ILLINOIS 
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To simplify your power equipment design... 
REVERSE POLARITY TYPES... 
OPTIONAL MOUNTING STYLES... 


~ 

CoN 

' ~ 
ae 
s - 


Versatility... 


in 25 to 250 ampere 
Silicon Power Rectifiers 


International ! 
Rectifier Corp. 


VERSATILITY in types, ratings and mounting configurations, coupled with field Type Current Rating Voltage Rating Bulletin 
proven reliability and high efficiency can add up to a simplified, more depend- 25 series 25 to 45 amps. 50 to 600vPIV SR-304 
able design for your industrial power rectifier equipment. Mechanical inter 7 oie 45 20 aa amps = = aes once 
changeability with other available types makes quick replacement possible Military Seb a Sao” 50 z 1000vPIV SR-303 
enabling you to benefit in performance from the advanced design, manufac- includes 1N412B) 

turing and test techniques developed to meet the most rigid military require 4 a ‘ - 

ments ...now used in the production of all silicon power diodes! Complete assemblies utilizing these diodes are also available. 





You are invited to investigate increased efficiency and possible savings in 
REVERSE POLARITY TYPES. In addition to optional base configurations space, size and weight these rectifiers can bring to your equipment. Samples 
diodes are available in reverse polarity types, further simplifying stack con | for your own evaluation tests will be supplied upon qualification of your 
struction — resulting in a smaller, lighter completed assembly application requirements. Write today or contact our representative 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA e PHONE OREGON 8-628! « CABLE RECTUSA 


WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS * SELENIUM * GERMANIUM * SILICON 
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Leader in motor-starting capacitors, Mallory has con- 
stantly refined design to afford smaller size, higher tem- 
perature ratings, greater current capacity and closer 
tolerances to give high starting torque. Newest develop- 
ment is a capacitor with built-in bleeder resistor, which 
cuts assembly costs. A comprehensive line of motor 
running capacitors is also supplied. 


F er 

Mallory alloys for electrical machinery combine high 
structural strength and excellent conductivity; prop- 
erties cover a broad range of application requirements. 
Through Mallory and its subsidiary, Philadelphia Bronze 
& Brass Corporation, you can get complete experienced 
service on castings and forgings of high conductivity 
copper, Mallory alloys and nickel alloy 


Get More From Mallory... 


Power rheostats by Mallory feature the unique hinged con- 
tact arm which assures constant pressure regardless of 
overloads permits easy inspection and cleaning. A 
wide selection of resistance values and tapers is available 
in ratings of 25 to 500 watts. Special models can be 
engineered to your requirements. 


Wire wound power resistors for bleeders, voltage dividers 
and voltage-dropping applications in machinery, feature 
exceptional life and stability. Tough vitreous enamel 
coating seals out moisture and corrosion. Special Mallory 
techniques for welding the element to terminals eliminate 
possibility of open circuits. 
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Mallory contact engineering 
helps manufacturers select the 
most effective of the long list 
of special Mallory materials 

. including heavy-duty 
Elkonite®, a unique combi- 
nation of high-conductivity 
metals and refractory mate- 
rials. Our contact designers 
combine contact metals, back- 
ing elements and assembly 
techniques to provide long 
contact life at economical cost. 


,ee- More Precision Products... More Engineering Assistance 


In the Electrical Machinery Industry, for example 


Desicners of switchgear, motors, welding 
machines and other electrical apparatus can 
profit in two ways by calling on Mallory. 


Mallory precision products contribute to the 
high standards of dependability and performance 
demanded of electrical machinery. They embody 
Mallory’s pioneering experience in metallurgy, 
as a leader in creation of special contact materials 

.. in electrochemistry, as the company which 
developed and refined the electrolytic capacitor 
widely used with motors... and in electronics, 
as a progressive manufacturer of a broad line of 
components, including many types with high 
power capacity. 


Mallory engineering assistance is the “‘service 


Serving Industry with These Products: 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical—Contacts * Special Metals * Welding Materials 


beyond the sale”’ which assures peak performance 
and economy. Our design specialists are well 
qualified, through experience with the problems 
of leading machinery manufacturers, not only to 
recommend the Mallory alloy or component best 
fitted for your job, but also to lend a hand in 
engineering it exactly to the requirements of the 
application. Our files are full of stories of excep- 
tional economies which we have been able to pro- 
duce, in a wide range of equipment. Our service 
even extends, in the contact field for instance, to 
the manufacture of complete sub-assemblies to 
customer specifications ...to save engineering 
time and simplify purchasing for the buyer. 


We'll welcome the opportunity to discuss your 
particular problem. Just write or call us today. 


MAitoRY 


. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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Yours for *650 | | 


Big scope 
performance 
and positive 

dependability 


... with | mv sensitivity 


-hp- 130A Low Frequency Oscilloscope 


Few, simple controls 
Immediate delivery 

Direct reading 

“Universal” automatic trigger 
No preamplification with 
most transducers 

Similar X and Y amplifiers 
High stability, accuracy 


We have been told, and we frankly believe, that 
the 130A is the best low frequency oscilloscope offered. 
Certainly, the best value. 


But seeing is believing. Call your -hp- rep now, 
and ask him to bring over a 130A. Wring it out on your 
own problems, on your own bench. 


See if you don’t find it vastly simpler to use. Faster. 
More sure. Steady, dependable, versatile. 

Note the “universal” automatic trigger arrangement 
which virtually eliminates resetting regardless of input. 
And the bright, rock-solid trace, generally without 
preamplification between scope and transducer. 


Wouldn’t this oscilloscope mean real time-savings and 
simplification to you? Call about it now! 


HEWLETT-PACKARD COMPANY 


4689H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A, 
CABLE “HEWPACK” * DAVENPORT 5-4451 


SPECIFICATIONS 130A 


Input Amplifiers: (Similar Vert. and Horiz. Amps.). 
Sensitivity 1 mv/cm to 50 v/cm; 14 calibrated ranges, 
1-2-5-10 sequence plus continuous vernier. Pass band 
de to 300 KC; ac or de coupling. Balanced input on 
1, 2, 5, 10 and 20 mv/cm ranges. Direct reading. 


Sweep Range: | Hsec/cm to 12.5 sec/cm. 21 sweeps, 
1-2-5-10 sequence. Direct reading, 5% accuracy. 


Triggering: Internal, line voltage or external 0.5 v 
or more. Pos. or neg. slope, +30 to —30 v trigger 
range. 


Preset Trigger: Optimum setting for automatic stable 
triggering. 
Amplitude Calibration: 1 KC square wave, 2% 
accuracy. 


Price: -hp- 130A (cabinet) $650.00 
-hp- 130BR (Rack Mt.) $650.00 


Data subject to change without notice, 
Prices f.0.b. factory. 


complete line of high quality oscilloscopes 
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“Water-sealed” by Polyken 


Complete line of Polyken Waterproof Since these tapes come backed with vinyl or 

T s i t ter (and dust polyethylene film—or cloth coated with 

Gpes sear OW! warer \an ust... pyroxylin, vinyl or polyethylene—they fit into 
and airborne contamination) every packaging scheme. 


If you make a product that might suffer from Money-saving features 


exposure, take note: Polyken tapes do other jobs, too. Reinforce 


The reason, of course, is that Polyken tapes ... protect ... mend .. . insulate. 

can provide watertight, dustproof seals against You'll like their ease of application (right 
the elements. Each tape is constructed to from the roll), saving many man-hours of labor. 
meet rigid government and industrial require- Send the coupon for complete information, 
ments for moisture barrier sealing. or tell us your particular packaging problem. 


; 
Poluken 


Polyken, Dept. EM-4. 
INDUSTRIAL TAPES 


309 West Jackson Bivd., Chicago 6, Illinois 
Please send me your latest literature and data file on the complete line 
of Polyken Waterproof Tapes 
Name Tithe 
THe KEN DALL COMPANY 
Polyken Sales Division 


Company 


Street Address 


sate cin Se pes oo es ed mt gem es ol 


wa 
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The DIFFERENCE 
Starts here 


ASIC SUPERIORITY of Automatic Relays 

begins with our use of the right relay 
iron. Only soft, pure iron assures proper 
release—no “hang-up” even after millions 
upon millions of operations. 


The relay iron we use at Automatic Electric 
is “tailor-made” to our own exacting speci- 
fications—and is rigidly checked to assure 
that these “‘specs” are met. But that’s only 
the beginning. 

Beyond this is the painstaking care we 
employ in every stage of relay design and 
manufacture. This includes 53 dimensional 
checks on the all-important heelpiece—a 


solderless splice that eliminates the problem 
of open coil windings—a unique technique of 
welding contact points so they stay on for 
keeps. 


True, these features add to the cost. But in 
applications where dependability and long 
life (120,000,000 operations or more) are 
important, these relays will save you money. 


Forinformation, callor write Automatic Elec- 
tric Sales Corporation, Northlake, Illinois. In 
Canada: Automatic Electric Sales (Canada) 
Ltd., Toronto. Offices in principal cities. 


Chemical analysis is one of the 
checks we make on our relay 
iron to make certain that no 
magnetic capabilities are lost. 
Annealing is rigidly controlled, 
and grain size and temper 
carefully checked. Elongation, 
hardness, permeability and 
density tests are other safe- 
guards. All this insures a relay 
iron that saturates quickly, yet 
the flux dies out instantly. Even 
after millions of operations! 
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Contact points that stay on for keeps! At Automatic 
Electric, contact points are resistance-welded — they 
can’t come off! But just to be sure, contact points are 
checked by a “shearing” test in which the operator 
tries to pry off the contact points with a blade under 
heavy pressure. When contact points have survived 
this torture test, you know they’ll stay on through 
millions of operations. 


CLASS “‘E”’ RELAY com- 
pacts the best features of the 
famous Class “B” Relay into 
minimum space and weight — 
with no sacrifice of quality! 
Fully described in ‘Relay 
Highlights No. 14.” 


Relay spring taking its ‘‘ physical.” A technician ex- 
plores critical spring areas for tool marks and con- 
cealed defects—calibrating radii to .001 inch—checking 
for the strength and stamina which will assure long, 
uniform service life. Automatic Electric quality con- 
trol is unmatched in the industry—a compelling reason 
why you should specify AE in your engineering! 


AUTOMATIC ELECTRIC &} 


Northlake, Illinois 


Subsidiary of GENERAL TELEPHONE 
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How Armco DI-MAX M-15 
Improves Performance, Cuts Cost 
Of Electrical Equipment 


Advantages of this special 
Armco Electrical Steel can be 
put to use without redesigning. 


Armco D1-Max® M-15 offers you opportunities to 
reduce costs and boost performance of large rotating 
machines, high efficiency motors and various kinds 
of transformers because it provides an unusual com- 
bination of magnetic and fabricating characteristics. 
Armco’s process for making D1-Max creates a low- 
core-loss, cold-finished silicon steel with advantages 


not possessed by standard M-15. 


Advantages of DI-MAX M-15 


Punchability—Uniform high ductility for punched 
laminations of any size and shape. Surface of Di-Max 
extends die-life. 
Better Permeability—At high inductions, non- 
oriented Di-Max M-15 has better permeability than 
the standard M-15 grade. 
improved Space Factor—Better flatness and 
smoother surface assure maximum performance. 
Economy of Coils—Welded coils permit continuous 
production methods. Annealed butt welds are ductile 
and within sheet gage limits. 

Perhaps you can improve performance and cut 
costs of your products with Armco Tran-Cor® 
Di-Max M-15. For detailed information, just fill out 


and mail the coupon. 


Oe DE SE ES SS SOS SS SS SS GD SD SS GOES GD SEED CEES eS ED 5 


Armco Steel Corporation 
1788 Curtis Street, Middletown, Ohio 


Send me information on Armco FRAN-COR DI-MAX M-i5 


NAME 
COMPANY 


STREET 


f-------------- 


SRMCY 
ARNMCO STEEL Wi 


ARMCO STEEL CORPORATION + 1788 CURTIS STREET, MIDDLETOWN, OHIO 


SHEFFIELD DIVISION + ARMCO DRAINAGE & METAL PRODUCTS, INC. «+ THE ARMCO INTERNATIONAL CORPORATION 
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Put the RIGHT LIGHT to Work for You! 


There are so many useful applications for Miniature 
Lighting in both consumer and industrial fields—and 
sO many, many types and variations of expertly de- 
signed, well made Miniature Lighting Assemblies 
available in the big DRAKE line—that selection of just 
the right unit for the specific job can be confusing, 
if you're not a specialist. 

That's where DRAKE can be a great help. We are 
specialists in the field of Miniature Lighting—have 
been for more than two decades. We've worked with 
leading manufacturers, great and small, on the solu- 
tion of almost every conceivable type of signal, indi- 
cating and illuminating problem. Often, we can come 


up with just the right answer by using a standard As- 
sembly, or a minor variation of it. In many other cases, 
we have developed entirely special units where the 
application poses unusual requirements. 


With the right light for your toaster or instrument 
control panel—your modern stove or your vending 
machine — you can get greater safety and efficiency in 
product use, enhanced consumer appeal, improved 
production methods. So an accurate Miniature Light- 
ing prescription from DRAKE is well worth while. 


GET THE RIGHT IDEAS—THE RIGHT DATA—FOR 
YOUR MINIATURE LIGHTING: This quick-reference 
catalog makes it easy to select the Miniature Lighting units 
which fit your particular requirements best. 16 fact-packed, 
fully illustrated pages include detailed specifications; plus 
highly useful data on basic unit elements, best choices for 
various uses, etc. Our copyrighted Project Data Sheet 
comes with it, makes it easy to get specific recommendations 
for your job from our expert Miniature Lighting engineers, 
if you have a special problem. You'll get top results, greatest 


economy, with this unique service. 


Send for your copy of the complete 
DRAKE catalog, with the Project Data 


Sheet, right now! 


DRAKE 
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“New Temper for #2 EC Alcoa Aluminum Bus Bar 
Increases Conductivity from 59% to 60%... 
at No Increase in Cost 


Substantial Savings Now Possible Through Reduced Power Loss 


A new peak has just been reached in Alcoa’s continuing efforts to improve the 
efficiency and reduce the cost of electrical equipment. 

Now, Alcoa® Aluminum alloy bus bar with guaranteed minimum electrical 
conductivity of 60% IACS is available for many applications, at no increase 
in price. 

The new temper of Alcoa #2 EG alloy, designated T64, is the culmination of 
Alcoa pioneering which has raised the guaranteed conductivity figure, point 
by point, from 55% in 1954. It means that now you can count on real benefits 
and savings, chiefly from reduced power losses. 

Guaranteed minimum tensile strength of the new T64 temper is 15,000 psi, 
with a corresponding yield strength of 8,000 psi. Bending properties are 
excellent. 













Calculated for Savings! 


The actual savings you can expect as a result of the new Alcoa #2 EC-T64 
bus bar are apparent in this example: 



















Yin.x4 in, aluminum bus bar « Weight—1.176lbs per ft « Average load current—1,000 amps dc « 
Average operating temp.—70°C ¢ Operating time per year—2,000 hours » Line losses— 
$.015 per kwh ¢ Interest rate on investment—5% « Amortization period—20 years 


For 59% conductivity R=16.50 x 10° £2/ft 
P, =1?R = 1000? x 16.50 x 10° = 16.50 watts per ft e Energy loss = 16.50 x 2000/1000 =33.00 kwh 
Annual cost of losses = 33.00 x .015=$.4950 per ft 


For 60% conductivity R=16.27 x 10° 2/ft 
Annual cost of losses = $.4881 per ft « Annual savings =.4950—.4881 =$.0069 per ft 


1—(1+i)" i=interest rate 
i 


Present value of benefits=C where n=amortization period 


C=annual savings 
Present value of benefits=.0069 An (+ Oo)" =$.0860 per ft 





Converting to a per-pound value: Present value=sor=$.0731 per Ib 
This means one could afford to pay up to $.0731 per-pound premium for 60% 


conductivity aluminum bus conductor based on the annual benefits received; 
this represents a saving in bus conductor cost of about 15%! 


Your Guide to the Best 
in Aluminum Value 


“ALCOA THEATRE” 
pemeny ey te 
Alternate Monday Evenings 





for precise automatic furnace temperature control 


THE NEW — ICKERS. MAGNETIC AMPLIFIER 


POWERLINK 


VIICKERS 


POWERLINK 


RECORDER 
CONTROLLER 


TEMPERATURE 
DETECTOR 


POWERLINK 


uses signals from standard recorder controllers 


Where kilowatts of power must be precisely controlled 


controlled by a Powerlink unit used in conjunction with a 
by milliwatt signals, the Vickers Powerlink offers: 


recorder controller, is held at 1500° C., with temperature varia- 
: os 
@ Fast speed of response. tion of only +0.4° C. 


@ Proportional stepless control, providing greater If your operation requires precise control of high power 
eee with low level signals, the Vickers Powerlink unit is tailor-made 
a —— ee ae, in contrast to off-on to fit your needs. It is available in 1] standard sizes ranging 
contactor method ot controt.  - e ° . . ‘ 
: A: : ‘ : from 1.5 to 10.0 kilowatts, with input resistance of 2000-20,000 
@ Easy installation, with no contactor required. at ; ° e 
Only a disconnect switch is needed ohms, and milliampere input ranges of 0-5 m-a, 0-15 m-a, 
ee 4-8 m-a and 0-20 m-a. Units are completely wired ready for 
A Powerlink serves in the electric furnace shown above, . . . . 
; a : immediate installation. 
in which silicon crystals are grown—a process demanding 


extremely accurate temperature maintenance. The furnace, Write today for Bulletin 23-01 on the Vickers Powerlink. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET - SAINT LOUIS 3, MISSOURI 
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: . from the company that really knows the electrical 
| nd ustrial La mi nates and electronics industry —General Electric 


Gold-plated and dip-soldered at 500 F... 


Courtesy Photocircuits Corp., Glen Cove, N.Y 


No blisters, no bond failure with 11558... 
newest Textolite copper-clad laminate 


Reliable in roughest applications — that’s new General Electric Texto- 
lite 11558. Printed circuits made from this easy-to-machine G-10 copper- 
clad laminate stand up through processes that ruin ordinary copper- 
clads—come out ready to give top reliability in computers and missiles. 
Here’s the kind of treatment 11558 takes without blistering, bond failure, 
or circuit breaks: 

e 30 minutes in boiling trichloroethylene 

e 15 minutes plus, in gold-cyanide plating solution 

e 2 minutes in 500°F. solder bath 


Find out about the full line of Textolite laminates in Sweet’s Product 
Design File, Catalog 2b/Gen. Fabricated Textolite parts come to you 
from independent local fabricators geared to give you speedy delivery. 
(They're listed in the Yellow Pages under “Plastics.”) For prompt, 
expert help with special problems, write to Technical Service, Laminated 
Products Dept., Section EM-84, General Electric Co., Coshocton, Ohio. 
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INDUSTRIAL LAMINATES 
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the PERFORMANCE 


as well as 


the GEOMETRY 


—— SHAPES, screw threads, grooves and counterbores 


that make up the geometry of Electrical Porcelain 
insulators are today taken pretty much for granted. The 
specifier knows that within realistic limits his designs—even 
though complicated—can be produced faithfully 
and economically in Electrical Porcelain. 

Not so generally recognized is the versatility of 
Electrical Porcelains in meeting a wide range 
of performance requirements. 

What are your requirements . .. Resistance to high 
temperatures? Resistance to arcing, to chemicals 
or acid fumes? High dielectric combined with good 
mechanical strength? Dimensional stability? 

Next time you consider insulator components, 
specify the performance as well as the geometry. Any 
of the companies listed below will be glad 


to talk over your problems. 


PTT Ls 


Sponsored by these members of the 


DRY PROCESS ELECTRICAL PORCELAIN SECTION 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. 3000 corry AVE., AKRON 14, OHIO 

THE CERAMIC SPECIALTIES CO. 44a west sixth STREET. EAST LIVERPOOL, OHIO 
KNOX PORCELAIN CORP. xwoxvitte 1, TENN 

NEW JERSEY PORCELAIN CO. new york AVE. AND PLUM ST., TRENTON 5. WN. J 
PORCELAIN PRODUCTS, INC. 225 No. PATTERSON ST.. CAREY, OWI0 

THE UNIVERSAL CLAY PRODUCTS CO. 150: €. First stREET. SANDUSKY, OHIO 
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HERES HOW ILSCO CAN SAVE YOU 
AS MUGH AS °2.25 ON EACH LUG 


MACHINED CASTING 


way saved a 
customer 25% on each lug 


The ILSCO way saved a cus- 
tomer $15, in one year 


MACHINED BRASS 


FOLDED TYPE 


| | 
! Pd The ILSCO way saved a 
OF customer 4 cent each on 


hundreds of thousands 


Here’s conclusive proof that connectors designed and made 


“the ILSCO way” save you money! Other customers have on specific replacement or development problems. 
reported saving up to $50,000 in one year through Ilsco’s Mail the attached coupon for free samples of con- 
exclusive seamless copper tube method of construction. These nectors made “the ILSCO way” and Catalog #50. 
tremendous savings were possible because Ilsco lugs are FREE SAMPLES AND CATALOG 
smaller, stronger, lighter . . . requiring less material, and there- 


. ° ILSCO CORP., 4730 Madison Rd., Cincinnati 27, Ohio 
fore are lower in price. 


Please send me free samples of ILSCO Connectors 
and my copy of catalog #50. 


Our complete engineering staff can work with you 


All Ilsco connectors are made of electrolytic seamless copper, 
guaranteeing maximum conductivity and low heat rise. Copper 
is cold worked to retain natural qualities. Each Ilsco connector 
is compact, light and made to withstand hard usage and abuse. 
All are UL and CSA tested and approved. 


SS => _— 
connection iL ee C 4+ ib 


ScoRnm PeRA TY O Wf 
4730 Madison Road ° Cincinnati 27, Ohio U.S.A. CONNECTORS * NEUTRAL BARS + SOLDERING LUGS + STAMPINSS 
. RMINA LOCKS « SHADING COILS WIRE-REINFORCED FU LIP 
Ilsco of Canada, Ltd., 25 Carson St., Toronto, Ontario ve .s s © F SE CLS 


Name 
Company 
Street 


f-------- 
Be oe ee 
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Westinghouse fielineh motors save 
$200 a year in rewinding costs alone 


... at Rumford Chemical Works, Rumford, R. |. 


Westinghouse motors are reliable 
for 24-hour, 7-day week 
Operation in sulphuric acid manufacture 


“In the four years we have used Life-Line® “A” motors, 
we have never stopped the process because of a faulty 
motor,” reports Mr. John E. Harvey, Plant Engineer at 
Rumford Chemical Works. 

Before installing Life-Line ‘A’? motors, the Rumford 
Chemical Works had to rewind, on an average, two motors 
a year at a cost of $100.00 per motor . . . always because the 
corrosive atmosphere put them out of operation. “We no 
longer have this problem,”’ reports Mr. Harvey, “‘since the 
totally enclosed Life-Line ‘‘A’’ motors give us reliable, con- 
tinuous operation without fear of damage from spilled acid 
which could come from leaks or breaks in the pipes.”’ 

POWER-UP with Life-Line “‘A”’ motors designed for 
modern industry’s needs. For more facts, call your West- 
inghouse sales engineer or distributor. Or write Westing- 
house Electric Corporation, P.O. Box 868, 3 Gateway 
Center, Pittsburgh 30, Pennsylvania. J-22059-R 















Mr. Harvey with a 74-hp 
Life-Line “‘A” which drives a 
sulphuric acid pump in the 
process at Rumford. This 
totally enclosed unit has 
been in operation for 
over two years. 












ee 





YOU CAN BE SURE...1F ITS Westi nghouse 
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At IBM 
Poughkeepsie, N. Y. 


Where high temperature plastic 
tubing is necessary as capacitor 
lead insulation in their electric 
accounting machines, IBM counts 
on Turbotherm® 105 or 
Turbotrans® 105 U/L approved 
extruded tubing. In addition, 
Turbotrans 105 tubing meets the 
requirements of MIL-1-631C, 
Grade c, Class Il, Category 1. 


SEE HOW 
BRAND 
ELECTRICAL 
INSULATING 
TUBINGS 


At United Transformer 
New York, New York 


To assure long service life, U.T.C. 
covers the leads of their high 
temperature transformers with 
Turbo 117® silicone rubber 
coated glass tubing. A Class H 
material with outstanding heat 
resistance and low temperature 
flexibility, the five available 
grades meet NEMA VS1-1957 
and the performance 
requirements of MIL-I-3190A. 


At Lockheed 

Marietta, Georgia 

To provide low temperature 
abrasion protection for wiring 
assemblies, Lockheed uses 
Turbozone® 40 extruded plastic 
tubing for use in the C-130 
Hercules. This tubing meets the 
requirements of MIL-I-7444A(2) 
and is available in three size 
ranges — from .022” to 2.500” 


inside diameter. 


High dielectric strength; flame, 
fungus, moisture, solvent or abra- 
sion resistance; low temperature 
flexibility; high temperature op- 
eration; chemical inertness . 

whatever your requirement in a 
coated textile or an extruded 
plastic tubing, there is a Brand 
product to meet your specifica- 
tions. Turbo tubings are manu- 
factured in all standard colors 
and a range of sizes #24 (.022”) 
to 2%" 1.D. Produced with 
engineer - supervised techniques, 
subjected to continuous in-process 
inspection testing, Turbo tubings 
meet and exceed all applicable 
military and commercial specifi- 
cations. Samples are avail- 
able, your inquiry is invited. 


At American Bosch 
Springfield, Mass. 


Miniature electric windshield 
wiper motors require moisture 
resistant insulation, so American 
Bosch chooses Turbo® varnished 
tubing, a cotton or rayon braid 
coated with a tough, organic 
varnish. Manufactured in five 
grades it meets the Class A 
requirements of MIL-I-3190A, 
ASTM D-372, and NEMA 


VS1-1957. 


At Allis-Chalmers 
Norwood, Ohio 


For stator connections in their 
semi-enclosed slot motors, 
Allis-Chalmers uses Turbotuf®,a 
highly flexible, heat resistant, 
vinyl! coated glass tubing 

This Class B material is supplied 
in two grades meeting all 
requirements of the NEMA 
VS1-1957 and the MIL-1-3190A 
specifications. 


At Avco’s Crosley Div. 
Cincinnati, Ohio 


For applications ranging from 
test and fire control equipment to 
navigational and radar units, 
Crosley selects Turbolex® 76 
general purpose plastic tubing, 
a flame and fungus resistant 
material operable from —40°C 
to +80°C. This tubing meets 
MIL-I-631C, Grade a, Class I, 
Category 1 and ASTM D-922. 


THE WILLIAM BRAND 
& CO., INCORPORATED 
WILLIMANTIC 14, = CONNECTICUT 
electrical and electronic wires and cables * harnesses and 


cable assemblies * plastic and coated insulating tubings 
identification markers 
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formed elements are designed to solve 
problems of 
e THERMAL DEFLECTION 
e ELECTRICAL RESISTANCE 
e CORROSION RESISTANCE 


Here’s why: 


General Plate can furnish Truflex metal parts 
é : : ‘ @ Truflex parts and sub- 
fabricated to your exacting specifications — or assemblies are engineered to 
i ap : your specifications, 
can furnish Truflex to you as strip in coils or a oe 


ready for installation. 
flat cut lengths in a wide range of widths and : . 
: , ‘~’ Every piece — in lots of 10 
thicknesses. . or 10,000 — is a duplicate 


s of the original . . . eliminatin 
Either way, you'll get all of the advantages ¥ veian and costiy ’ 
of General Plate’s Truflex — a clad metal com- ' assembly adjustments. 
prising two or more permanently bonded layers “ : Production problems, special 
e s : , uipment, and prolonged 
having different coefficients of thermal expan- a} canuinadaerk soe al 
, . : : a iy eliminated when you use 
sion which will change its curvature when sub \ Trdiex geste 
jected to temperature changes. 
fj If yo efer to make your 
Today, hundreds of manufacturers depend on oa peein, Trufex 


Da ai ° : Thermostat Metals are 
General Plate’s years of processing experience available in extra long colle 
for Truflex formed parts that control, compen- or flat strips manufactured 


to your exact cifications. 
sate and indicate temperature! 7 -_ 


Send us a drawing of 
your thermostat metal parts 1 METALS & CONTROLS |\jj CORPORATION 
Truflex Thermostat Metal General Plate Division 1904 Forest Street, Attleboro, Mass. 


can do for you. 
FIELD OFFICES: NEW YORK, CHICAGO, DETROIT, INDIANAPOLIS MILWAUKEE, PASADENA 
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FIVE BASIC CONTROL FUNCTIONS OF G-E STATIC CONTROL “LOGIC ELEMENTS’ 


G-E static control “logic elements” cor- 
respond to relays in conventional con- 
trol. They convert a combination of 
inputs into a single output by controlling 
the impedance of an output coil. Any 
static control panel* consists of proper 
combination and sequencing of these five 
basic logic control elements: 


INPUTS OUTPUT 
A 


THE “AND” ELEMENT 
will deliver an out- 
put only when all in- 
puts (A, B, C, and 
D) are present. Three 
inputs or less cannot 
cause the element 
to deliver an output. 


eR Mee RE eRe 


rN 


INPUTS OUTPUT 


THE “NOT” ELEMENT 
produces an output 
only when input A 
is not present. Con- 
versely, when input A 
is present, the “not” 
element will not pro- 
duce an output. 


THE “OR” ELEMENT 
will produce an out- 
put when input A or 
B or C or any com- 
bination of inputs is 
present. One, two or 
three inputs will 
produce an output. 


INPUTS OUTPUT 


INPUT OUTPUT 


A 


TIME DELAY 


*The complete static control system includes power supply, amplifiers, logic elements, and panel mounting components. 


“MEMORY ELEMENT” 
maintains its output 
after momentary A 
input, until a momen- 
tary B input stops 
the output. Another 
A input is mecessary 
to renew the output. 


THE “TIME DELAY” 
ELEMENT will pro- 
duce an output after 
a pre-set time period 
following an A input. 
Output then contin- 
ues until input A is 
removed from circuit. 





General Electric’s Proved... 


Static Control Components 
Reduce Machine Downtime 


PLUG-IN COMPONENTS WITHOUT MOVING PARTS GIVE 


REAL DESIGN FLEXIBILITY, 


Static control is now a proved method of control 
that’s easy to adapt to your machines. It’s ideal 
wherever long, dependable operation is vital, and 
where shutdowns cannot be tolerated, because 
static control life is independent of the number 
of operations. 


G-E static control components simplify panel design 


Five basic General Electric logic functions can 
be combined to perform your control operations. 
All you have to do is translate the operation of 
your machine into logic functions — then combine 
G-E logic elements into the proper sequence. 


Panel assembly is fast and easy 


General Electric logic elements are only 444” 
high, weigh less than 5 ounces. Parts are encapsu- 
lated in a resilient compound and encased in 
aluminum. Each element is color-coded as to 
function, and plugs into a base receptacle which 
is connected to a printed circuit. You need do 
only a minimum of wiring. 


A typical user reports 


A major automotive manufacturer expects the 
static control panel with G-E components on 
the spark plug assembly machine shown at left 
to significantly increase production because of 
reduced downtime. The electrical supervisor of 


SPEED ASSEMBLY 


the manufactur- 
ing development 
section says: “Our 
first static control 
panel was on a dif- 
ferent high-speed 
assembly machine 
— where mainte- 
nance could be a 
real problem. With 
Static Control, we 
haven’t had an 
electrical control 
failure of any kind 
in a year. We now 
have three panels in use, and are designing panels 
for others where maintenance of conventional 
control has posed a problem. We chose G-E com- 
ponents because of the simplicity of the sys- 
tem, easier wiring, and their practically fail-safe 
operation.” 


Static Control Logic Element 


Static Control is available today in simple, easy- 
to-use components that are proved in service. If 
you haven’t yet investigated G-E static control 
components, why not do so right now? Just call 
your G-E Apparatus Sales Office, or write Sect. 
731-14, Schenectady, N. Y., for bulletin GEA-6578. 


General-Purpose Control Dept., Bloomington, III. 


NEW 100-LINE MAGNETIC STARTERS, 
Sizes 0 and 1, are 42% smaller. They 
save valuable panel space, use 47% 
smaller control transformers, and 
they feature straight-through wiring. 


MACHINE TOOL RELAYS have front-connected 
terminals and are easy-to-wire from four di- 
rections. They’re available with 2 through 
12-poles, and in both standard and latched-in 
forms. Ratings: 110 to 600 volts, 60 cycles. 


PUSH BUTTON UNITS: The G-E push 
to test unit provides a fast, easy 
check for burned-out bulb and the 
new G-E illuminated push button 
unit reduces panel space by 50%. 





KLIXON KX4 Hermetic Switches 


help DOUGLAS "Buddy Store” convert 
any airplane to tanker 


Douglas Aircraft’s Buddy Store, an in-flight refueling system 
secured to bomb racks of any airplane, quickly converts it to an 
aerial tanker. Reliability in the face of sometimes severe environ- 
mental conditions is, of course, paramount in the operation of this 
“tanker kit.” 

To help insure dependable operation, Douglas selected KLIXON 
K X4 hermetic switches as integral parts of the Buddy Store elec- 
trical system. 

Among the critical functions of the several KLIXON K X4’s in the 
Buddy Store are: indicating to the pilot of the receiving plane that 
refueling can begin, and controlling retraction of the fuel hose when 
the operation is completed. 

Manufactured to exacting tolerances, the KLIXON KX4 switch 
has been fully approved under MS 24456 (USAF). 

KLIXON K X4 hermetically sealed switches are enclosed in a strong 
steel case capable of withstanding heavy impact and compression 
loads. True hermetic sealing is achieved with a metal “‘wave type’”’ 
diaphragm at the actuating lever, providing precision switching un- 
affected by all environmental conditions. 

Many types of standard actuation are available, or we'll be pleased 
to design special packaging to meet the requirements of your appli- 
cation. 


Basic KX4 KX4 with KX4 with KX4 with KX4 with 
Sine Switch leaf actuotor roller-plunger actuator roller-leaf actuator roller-leaf actuator 


Western manufacturers — refer 


Controls Corporation, Southern METALS & CONTROLS jj CORPORATION 


Calif. Office . .. 232 North Loke Spencer Thermostat Division 3604 Forest Street, Attleboro, Mass. 
Avenue, Pasadena, California. 


Telephone Ryan 1-4288. 
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Thirty Years of Growth 


When ELectricaL MANUFACTURING was 
launched in April 1928, the publishers were 
farsighted enough to latch on to what is known 
in investment circles as a “growth industry.” 
The plan was to deal editorially with prob- 
lems facing manufacturers of electrically op- 
erated equipment, appliances and machines. 
The problem approach has since been concen- 
trated in the function of design engineering. 
but over that 30-year period, utilization of 
electric energy has increased tenfold and 
current!y rising at a rate of 70 per cent above 
that of gross national output. There has been 
a continuing longterm growth not only in 
dollar volume of electrically energized prod- 
ucts but also in technology, spurred largely 
by requirements of national defense in the last 
half of the period. 

Television was in the laboratory stage in 
1928 (the scanning disk type) and was not 
ready for mass production until 1939, when 
it was halted by wartime demands for elec- 
tronic equipment. Modern TV benefited tre- 
mendously from radar research, which led to 
the development of receiver tubes capable of 
amplification of higher frequency signals over 
a wide bandwidth. It benefited also from solu- 
tion of the high frequency detection problem, 
solved by purification techniques in the manu- 
facture of silicon crystals. From this work 
came whole new concepts in solid-state physics 

the transistor, diode rectifiers and other 
semiconductor devices. 

Associated with radar was the work on 
anti-aircraft fire control, involving computer 
techniques and servomechanisms—the prin- 
ciple of self-correcting feedback. Out of these 
researches came a whole new technology call- 
ing for mathematical analysis of dynamic con- 
ditions changing too fast for human opera- 
tors to keep up with them. These techniques 
are only now being adapted to servo type con- 
trols on industrial machinery. 

Back in 1928, an automatic control for a 
machine tool was defined a push-button 
starter with overload protection for an induc- 
tion motor, or a rheostat for a variable-speed 
d-c motor. Programming by relays of auxiliary 
power functions—usually hydraulic—through 
open-loop limit switch stops came about 
gradually. In the late ’30’s a number of ma- 
chine tools were designed incorporating auto- 
matic work handling devices, but it was not 
until the early ’50’s that the term Automation 
was created by a Ford executive to cover this 
function. A few years before, Dr. Wiener of 
MIT wrote a book on Cybernetics and tied in 
human control systems with electronic con- 


trols. He glorified the servo type of control. 

Today we have numerically controlled ma- 
chines in which command signals from 
punched tape or cards are later processed 
through memory devices or computers; feed- 
back from transducers kee sps the cutting tool 
on the beam. Last month the automatic fac- 
tory came a step closer with the hookup of a 
number of independent, tape-contro!led ma- 
chines tied together by a work transfer 
mechanism. 

In 1928, electric motors were mounted on 
tapered roller bearings. Black plastic baking 
varnish was preferred for windings and the 
AIEE was attempting to get motor manufac- 
turers to rate motors in kilowatts instead of 
horsepower. NEMA was barely two years old 
and hadn’t started to standardize frame sizes. 

Thirty years ago, aviation was envisioned 
as an expanded market for electrical products 

mostly in airport lighting. Automatic pilots 
were far in the future, as were ground-directed 
landing and navigation systems. Shewhart of 
the Bell Telephone Laboratories was writing 
about statistical quality contro! in 1928, but 
it was more than 25 years before the same 
type of analysis would be applied to failure 
rates of components going into guided mis- 
siles and other critical military products. 

Thirty years ago, no one demanded elec- 
tronic and electrical components and ma- 
terials that would function reliably at 500C 
and higher or would resist nuclear radiation. 
No one called for devices to work under con- 
ditions of high shock and vibration or to guide 
a space vehicle into orbit. The spur to research 
in materials and components has been tre- 
mendous in this area in the recent past. 

By 1928 the major home appliances had 
been invented: the electric range and the 
vacuum cleaner, 1908; the clothes washer and 
the motorized ironer, 1914; the food mixer, 
1916. The hermetically sealed refrigerator 
compressor was introduced in 1927. The auto- 
matic cycle clothes washer came years later, 
along with packaged air conditioning. The 
toaster was the first device to be made auto- 
matic (circa 1920). 

The problems facing designers have in- 
creased tremendously in the last thirty years. 
They will probably continue to do so. And 
with rising populations, improved standards 
of living, the longterm trend in electric power 
utilization will be upward. Hitch your wagon 
to an electromated star! 


Trail 


Coo, 





Reliability Evaluation 
of the Human Component 
in Man-Machine Systems 


Qualitative methods have been generally applied in human engineer- 


ing work, but quantitative methods are needed as a supplementary 


tool. This article shows how probability analysis techniques used by 


equipment reliabi. 


engineers can also be applied to the analysis 


of the human factors in a system. 


H. L. WILLIAMS, Staff Engineer 
Mevpar, Inc., Falls Church, Virginia 


As WITH ANY COMPONENTS of a weapon system, or other 
complex equipments, the human component must be 
properly designed into the system for the best operational 
results. This obiective is difficult to attain. The human 
component must be assigned functions that take full ad- 
vantage of his capabilities; but the functions should not 
(so. far as possible) incur his limitations. For example. 
the human excels in his ability to detect weak signals on 
a radar scope, but he also has a limited “attention span” 
that may seriously degrade the efficiency of his perform- 
ance. The system designer must therefore accept certain 
limitations. He is frequently faced by the need for “horse 
trading” between conflicting system considerations. He 
may have to balance the need, say, for automatic equip- 
ment against the time available for developing it. His 
decision almost certainly will affect the functions required 
of the human component. 

It might appear that the solution to this problem is to 
get rid of the human, that is, make the equipment auto- 
matic. But the state of the art has not progressed this far. 
People can still do many things better than can automati: 
devices. People are superior at perceiving intricate pat- 
terns of light and sound. improvising and using flexible 
procedures, reasoning inductively and exercising judg- 
ment. Then, too, automatic equipment is often heavy and 
bulky. It is almost inevitably expensive. To achieve the 
best possible system at the lowest possible cost in money 
and time, design engineers are thus forced to include the 
human as a system component. 

Much has been done to help the designer in achieving 


acceptable man-machine systems. Systematic qualitative 


78 


procedures have been developed in human engineering 
practice that can be summarized in these basi 
(lee? 

1. System requirements are established. 


2. Man and machine capabilities needed to satisfy 


steps: 


system requirements are determined. 

Functions are allocated to man and machine on the 
basis of ability to perform them well. 

Mocked up equipment is constructed. (3, 4, 5) 
Performance descriptions are prepared. 

6. A task analysis of operator duties is conducted. 

7. Equipment is designed to facilitate ease and ac- 

curacy of operation. 

The qualitative procedures outlined here so briefly are 
unquestionably of great value to the system designer for 
evaluating man-machine systems prior to the final devel- 
opment of the design. But the system designer also needs 
quantitative information. Qualitative information will 
tell him which combination is best but not how much bet- 
ter than the others. For example. in comparing two al- 
ternative designs, it is not enough to know that one design 
is niore expensive than another. The system designer must 
know how much more expensive. Similarly. in comparing 
the operator reliability of alternative designs. he needs 
a quantitative estimate of the reliability of operator per- 
formance for each design. How much may be of great 
importance. 

Methods have been developed to furnish the system 
designer with quantitative estimates of equipment re- 
liability prior to actual weapon design. (6) The reliability 
engineer does this: 

1. Prepares a block diagram depicting each com- 

ponent in the weapon; 


2. Derives an equation representing the probability 


merals in parentheses apy to Cited References at end of article. 
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Table 1—Probability-of-Success Analysis of Hypothetical Remote Control Radar Operation System* 


LT 


Control Station 


Oporator 


1. 
Control Station 2. 
Remote Station 1 | 3 
Remote Station 1 | 4 
Remote Station 1 5. 
Control Sta./Remote Sta. 1 6. 


Turning on equipment 


Remote Station 2 
Remote Station 2 


7. 

8. 
Remote Station 2 | 9. Turning on equipment 
Control Sta./Remote Sta. 2 10. 


Remote Station 3 
Remote Station 3 
Remote Station 3 
Control Sta./Remote Sta. 3 





13. Turning on equipment 


Operation 


Reading frequency from a moving scale-type dial 
Repeating the dial reading over telephone 

Recording frequency as received over telephone 

Setting equipment on frequency (moving scale-type dial) 


Adjusting Remote Station 1 equipment to required frequency 


Recording frequency as received over telephone 
Setting equipment on frequency (moving scale-type dial) 


Adjusting Remote Station 2 equipment to required frequency 


11. Recording frequency as received over telephone 
12. Setting equipment on frequency (moving scale-type dial) 


14, Adjusting Remote Station 3 equipment to required frequency 


Probability of success 
estimate 


= 0.97 
= 0.99 
= 0.99 
= 0.97 
= 1.0 
= 0.98 


Pra = 0.99 
Pro = 0.97 
2r23 = 1.0 
Por = 0.98 





Pri = 0.99 
Pro. = 0.97 
Pa: = 1.0 

Pors = 0.98 





*Combination I; Voice communication from control station by telephone and fine adjustment of frequency at remote stations by voice coaching. 


that the combination of components as shown by 

the block diagram will function successfully ; 

3. Estimates values for each element in the equation; 
and 

1. Finally solves the equation to obtain the a priori 

probability of weapon success. 

Different combinations of components can be analyzed 
and that combination selected which, if other considera- 
tions permit, has the highest probability of success. If a 
compromise is required, the design engineer has the 
necessary information for doing the job. 

Human reliability in the operation of equipment, 
however, is difficult to predict accurately. People are more 
complex than equipments. Their performance is aflected 
by many factors such as motivation, state of training and 
fatigue. As a result, their performance is more variable. 
Furthermore, data relative to the frequency of human 
errors are available for only a small number of human 
activities. Consequently, progress has been slow. Human 
engineers have not been able to keep pace with the 
reliability engineers in deriving and establishing refined 
methods for evaluating the performance of the human 
operator. 

But the fact. that quantitative methods for evaluating 
operator reliability are only “roughly” accurate does not 
mean that such methods cannot be of value to the system 
designer. They are of value if they but furnish the system 
designer with gross information about operator reliability 
of alternative designs. Gross information that corrobo- 
rates opinion and judgment is of great value because it 
gives the designer confidence in his decisions. Gross in- 
formation that fails to corroborate opinion and judgment 
can be of value in that it may reveal previously unsus- 
pected deficiencies. 


The need for quantitative information increases as the 
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equipment becomes more complex because human judg- 
ment and opinion are less effective when it comes to 
evaluating alternatives involving a large number of dif- 
ferent activities and operations. The system designer can 
look at each activity or operation individually, but the 
job of synthesizing these is difficult. In such situations, 
quantitative methods for evaluating operator reliability 
are needed to point the way. 

Although not widely used heretofore, methods similar 
to those employed by the reliability engineers can be used 
to predict the reliability of human performance in the 
operation of proposed equipments. The first step in such 
an analysis is to determine the approximate nature of the 
displays and controls on the system and associated equip- 
ment. their arrangement in relation to one another and 
to each operator, the operations the human must perform, 
the time sequence in which he performs them and the re- 
quired degree of accuracy. This information is obtained 
as outlined in Steps 1 through 5 of the qualitative pro- 
cedures previously described. An equation is derived 
that represents the probability that the operator will suc- 
cessfully perform his assigned functions; probability-of- 
success estimates are made for each element in the equa- 
tion. These estimates should take into consideration as 
cnany of the contributing factors as possible, including: 

1. Type of personnel available as operators; 

2. Time available in which to accomplish the required 

operations; 

3. State of training; 
1. The degree of accuracy required; and 
5. Environmental conditions. 

Finally, the equation is solved by substituting the esti- 
mated values for each element. The result is an estimate 
of operator reliability for the proposed weapon system. 

Suppose, for example, three alternative designs of 





weapon appear feasible in the light of system requirc 
ments. Design 1 incorporates a minimum number of 
automatic features but is economical of space and low 
in cost. Design 2 is semi-automatic and consequently 
requires less of the human component. Design 3 is almost 
completely automatic, bulky, and expensive. The system 
designer wants a quantitative estimate of the operator re- 
liability of each design as a basis for selecting one of the 
three for development. 

It is assumed that n, operations are required for De- 
sign 1, no operations for Design 2, and ng operations for 
Design 3. Each of these operations must be performed 
correctly for success of the weapon mission. If we assume 
independence of operations, the probability equations 
for the three designs would be: 


p 
where P, is the probability that the operator successfully 
performs all the required operations for Design 1, and 
P, and Pz 
for Designs 2 and 3. 

The question may be asked: Where does one obtain the 
estimated values for each element in the probability equa- 


represent similar probabilities of success 


tions? They are obtained by: 
|. Extrapolating from data on similar types of opera- 
tions: 
Conducting simple experiments: and 
Qualified guessing on the basis of personal experi- 
ence or experience of others. 

Naturally, the better the estimates made for individual 
elements in the equations. the more confidence can be 
placed in the final results. 

The method is demonstrated clearly in the following 
case history. Details have been altered for reasons of 
military security. but the steps and methods are fully 
representative. 

The system designer was faced with the problem of 
placing three radar-type equipments in operation at the 
same frequency as that of a central control station (see 
diagram). It was necessary to change frequencies often 
and do it quickly and accurately. Accuracy requirements 
were so stringent that a method had to be found to en- 
able the remote station operators to properly adjust the 
frequency of their equipment. Hence. the system designer 


Hypothetical radar operation system utilizing 


one control station and three remote stations. 


had two concomitant problems: (1) to find an acceptable 
method of transmitting the necessary information from 
the control to the remote stations; and (2) to find a way 
to adjust the equipment at the remote stations to the re- 
quired degree of accuracy. 

For transmitting the information to the remote sta- 
tions, two methods appeared feasible. The cheapest and 
the easiest way was to use a party-line type telephone 
system. An alternative method was to design equipment 
that automatically determined the frequency at the con- 
trol station, then transmitted this information to the re- 
mote stations upon actuation of a readout button. 

For adjusting the frequencies at the remote stations, 
three methods were possible. In the first, if the frequency 
data were received by telephone, each remote station 
operator could copy it down on a piece of paper, adjust 
his equipment as accurately as possible, and then depend 
upon the control station operator (viewing the signal on 
a receiver scope) to coach him to the proper setting via 
the telephone. A weakness of this approach, however, was 
that each of the remote station operators had to be 
coached to the proper setting in turn, and time was a 
critical factor. 

The second approach to the problem was to modify 
existing equipment at the remote stations so that the 
equipment could be adjusted as accurately as necessary. 
This method involved a sizeable expenditure of money 
but nevertheless was feasible and was accepted as the 
next alternative. 

\ third alternative was to design special equipment 
that could set the remote station equipment on the proper 
frequency automatically and with the necessary degree 
of accuracy. This method definitely was expensive. 


Table N—Probability-of-Success Analysis of Second Hypothetical Remote Control Radar Operation 


System* 


Operator | 


Control Station | 
Control Station 

All Remote Stations 

All Remote Stations 

All Remote Stations 


Turning on equipment 
All Remote Stations 


Operation 


eee = ae 


Reading frequency from moving scale-type dial Poi 
Repeating dial reading over telephone Pez 
Recording frequency as received over telephone Pr 
Setting on frequency (moving scale-type dial) Pre 


Pr 


Adjusting to required degree of accuracy using special equipment Pr 


*Combination J]: Voice communication by telephone and modification of equipment at the remote stations to obtain the necessary degree of setting accuracy. 
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Here was a problem in which the designer had to weigh 
a number of alternatives: cost, developmental time, and 
reliability. He thought he knew which system was best 
the automatic system; but would its superiority justify the 
time and cost of developing it? He needed to know how 
much reliability he was buying. 

\ consideration of the various alternatives at the send- 
ing and receiving ends showed the following combinations 
to be feasible: 

Combination I. Voice communication from control 

station by telephone and fine adjustment of fre- 
quency at remote stations by voice coaching. 

Combination II. Voice communication by telephone 

and modification of equipment at the remote stations 
to obtain the necessary degree of setting accuracy. 

Combination I11, The automatic method, in which fre- 

quency data were transmitted upon actuation of a 
readout button and the equipment at the remote sta- 
tions automatically set to the proper frequency. 

Only one operation was required of the human under 
the automatic method (Combination III) which, of 
course, made the analysis very simple. Essentially, there- 
fore, only the first two combinations had to be evaluated, 

In evaluating Combination I, the initial step was to 
list the required operations as in Table I. The time avail- 
able for getting into operation in certain situations was 
such that if the control station operator failed to get 
Remote Station | (see diagram) into operation and took 
even slightly more than the time allotted, the time re- 
maining would permit only one additional station (Sta- 
tion 2) to be placed in operation. One station in opera- 
tion could be considered a partial success only if one 
were highly optimistic. Two stations in operation defi- 
nitely could be considered a partial success, but it was 
highly desirable that all three be placed in operation. 

In the analysis: 


P, = the probability that Remote Station 1 is placed in oper- 
ation successfully; 


P the probability that both Remote Stations 1 and 2 are 
placed in operation successfully: and 
P the probability that all three remote stations are placed 
in operation successfully 
These probabilities can be further defined, taking into 
account each operation that must be performed (Table I) : 
P, Peat Pet Prit Priz Pris Perr 
Ps P, (pra Pre Pros Per) 
P; = Ps (pes. Prez Pras Pers) 


where values on the right-hand side of the equations are 
defined in Table I. 

By substitution of the numerical values from Table I. 
these equations can be solved. 


P, = 0.90 
P, = 0.85, and 
P; = 0.80 
If P,. the probability that at least one station is 
placed in operation successfully, then 


Pi, 2 = Pet Pee {1 


(1— peu Pri2 Pris Perit) (I — Prt Pree Pres Per2)] 
= 0.96 


The operations required for the alternative Combina- 
tion II are listed in Table II. With the special equipment 
provided, all the remote station operators could proceed 
simultaneously to place their equipment in operation. 
Continuing the analysis, P, = the probability that at 
least one remote station gets into operation successfully. 
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Then 


Pa Pa Pe (l— Cl—P,)(1 —P.)(1 —P;)|, where 


P, the probability that Remote Station 1 is placed in opera- 
tion successfully; 


P, the probability that Remote Station 2 is placed in oper- 
ation successfully; and 


Pr the probability that Remote Station 3 is placed in oper- 
ation successfully 
In other words, P, equals the probability that the con- 
trol station operator performs his operations success- 
fully, multiplied by the probability that all remote sta- 
tion operators do not fail in performing their operations. 
The definitions from Table II give us: 
Py = Pa Pe Pa Pos 
By substituting numerical values from Table II, 
find that 
P, = 0.95; also 
EP, =P,=P 
Thus, 
Po (0.97) (0.99) |] 
0.96 


we 


, Since the operations are identical in each case 


(0.05) 


Let 

Pg = the probability that at least two stations’ get into oper 
ation successfully 

Then 

Pg Pa Pee [PiP2 (i—P3) 
+ P,P-P3] 


P,P; (—P.+ PP; Q—P,) 


where 
P. Pe, PiP2 and P; are defined as for Pg. 
PB = (0.97), (0.99) [3(95)? (0.05) + (0.95)*} 
= 0.95 

In turn 

Py = the probability that all three stations are successful in 

getting into operation 

Py = Pa Pee PiP2P 

= (0.97)(0.99)(0.95) 
= 0.82 

The results of the analysis of the two alternative meth- 
ods are summarized in Table III. 

Although the probability of placing at least two sta- 
tions in operation was fair under alternative Combina- 
tion II, the probability of all stations being in operation 
was so poor that only the automatic method (Combina- 
tion III) was capable of doing the job satisfactorily. 

If the system designer had desired, he could have 
combined the values obtained for operator reliability 


Table ili—Summary of Probability-of-Success 
Analysis of Two Alternative Methods for a Hy- 
pothetical Radar Operation System* 


Alternative method Probability of success 


Combination |: 
Remote Station 1 or 2 
(at least one) 
Remote Station 1 and 2 
_ All Stations 


Combination li: 
At least one Remote Station 
At least two Remote Stations 
All Stations 


*See Tables I and II for descripion of methods. 





with that of equipment reliability to obtain the operator- 
equipment reliability. The equation for combined opera- 
tor-equipment reliability would have been 

Pr (P operator) (P equipment) 

The above estimates are, of course, rough or so-called 
“ball park” figures only. For example, the estimated 
values in Tables I and II. if anything, are optimistic. 
Nevertheless, the method vividly demonstrates the weak- 
ness of human operators in the given situation. It gave 
the system designer a good idea of what he was gaining 
by going to an automatic system. 

The example demonstrates that the exact nature of 
the probability equations and the method of attack are 
greatly dependent upon the design of the system being 
developed. In the case of weapon design, some systems 
may not be amenable to such analysis or, because of 
complexity. length of the mission or some other factor, 
may be amenable to a partial analysis only. It may be 
necessary to separate the weapon mission into phases 
for analysis. Certainly, different tvpes of weapons will 
require different approaches. But the method is flexible 
and can be expanded to obtain operator reliability in 
many different situations. 

The great advantage of the quantitative method is that 
it will tell the system designer by how much one man- 
machine combination is better than another. It will also 
tell him why one combination is better than another. 
Alternative designs of a weapon system proposed to 
fulfill a given set of requirements usually will have a 
number of identical features in common. The quantitative 
method takes this factor into account: in doing so it 
focuses attention on those features of the alternatives 
which differ. 

It is readily admitted that the proposed method of 
evaluating operator reliability will produce information 
of rough accuracy only. It should be used to supplement, 
not replace, the qualitative methods. If used as a sup- 
plement to the qualitative methods, it fits ideally in Step 
6 (the task analysis of operator duties) which was de- 
scribed earlier. Other than the mathematical analysis. 
the additional work could be slight. 


Conclusions 


The designer of complex systems needs quantitative 
estimates of operator reliability before a design is com- 


pleted. Probability analysis methods similar to those 


Now Ready— 


Get Your Copy of the 


EDITORIAL INDEX TO ELECTRICAL MANUFACTURING FOR 1957 


“Basic Statistics for the Design Engineer” 
is the subject of a feature article which will 
appear in the May issue of ELtecrricaL MANv- 
FACTURING. 

This introduction to the mathematical science 
of statistics has been prepared by James L. 
Jenkins of the Operations Research Office of 
The Johns Hopkins University. Practical exam- 
ples are included which illustrate applications 
of engineering problems, particularly in the 
design of experiments, analysis of data, qual- 
ity control, operations research and life testing 
programs, 


employed by equipment reliability engineers can be 


employed to obtain this information. These methods give 
gross information only, but such information can be 
of great value as a supplement to qualitative methods of 


determining the role of the human operator in the sys- 
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Foil Coil Design Factors 


Wafer coil techniques lend themselves to 


weight reduction of transformers and 


other inductors, giving greater thermal 
dissipation per unit of weight than with 
magnet wire. Advantages of encapsulating 
coil assemblies separately vs whole trans- 


former assemblies are cited. 


THEODORE WROBLEWSKI 

Vanager of Engineering, Transformer Department 
SYLVANIA ELectrric Propucts Inc. 

Ipswich, Mass. 


THE COIL DESIGN OF ANY INDUCTOR, whether it be a trans- 
former, choke or solenoid, eventually determines the 
ultimate weight of the finished piece. The type of con- 
ductor used. number of turns. and required environmental 
protection are weight determining factors. The use of foil 
in place of round wire offers a weight saving in many 
applications. Whether round wire or foil is used, casting 
the coil separately for environmental protection also offers 
a potential weight saving. 

The wafer coil technique illustrated in Fig. 1 consists 
essentially of winding wide sheets of either copper or 
aluminum foil to the desired number of turns. This 
technique has been developed to the point where it 


* 


is now practical for high current applications.* Winding 
wide sheets and cutting into sections as opposed to wind- 
ing narrow sections is advantageous in that more ten- 
sion in winding can be applied and therefore a smaller 
outside diameter is attainable with the result of lower 
weight. Winding efficiencies of up to 96 per cent are 
possible. By impregnating the whole coil before cutting 
into sections, it is possible to cut off relatively narrow 
sections on the order of 14 in. wide with an outside 
diameter of 6 in. To achieve these narrow sections, a 
bond between each turn is used to prevent telescoping 
of the coils. The bonding material becomes the in- 
sulator and therefore anodizing in the case of aluminum 
is not required for insulation. 

Assembly of wafer coils is done in either one of two 
ways: 

1. Wafers are spaced to allow cooling air to circulate 
between them, thus providing maximum transfer of 
heat and exposure of every turn to the cooling medium 


as shown in Fig. 2. 


2. Cooling fins are used between wafers, allowing 
transfer of heat from each turn to the cooling fin which 
in turn is cooled by the flow of air or water (Fig. 3). 
The advantage of the second method is simplicity in 
construction since each wafer is solidly supported by 
the next one, and the entire coil can be fastened together 
very simply by means of a center core tube. A dis- 
advantage is that some cooling efficiency is lost due 
to the cooling fins and also the close spacing makes the 
insulation problem more difficult. 
Both assembly methods can be used to meet military 
lt of work performed on Contract AF33(6160-486) directed by Electronic 


onents Laboratory, Wright Air Development Center, Wright-Patterson Air 
e Base, Ohio. 


Winding wafer coils from wide 


Fig. 2—Typical spaced wafer 
coil assembly. 


















































































































































































































































specifications; the determining factors are the overall 
equipment requirements. 

In general, high power units can be cooled more ef- 
fectively by the spaced wafer method. 

The wafer technique has progressed considerably in the 
large size units. Wafer coils ranging from 1 to 24 in. 
in diameter can be handled with widths from 0.030 to 
24 in. A typical coil is shown in Fig. 4. 

The cooling effectiveness of wafer coils as compared 
to wire is shown in Fig. 5. Here a common core tube 
holds a wafer coil on one side and coil wound with 
square wire on the other. A relatively narrow section 
of No. 14 glass insulated square wire was used in pref- 
erence to round wire to obtain as much advantage as 
possible from the wire construction. (If round wire 
had been used, the section would have been approxi- 
mately 20 per cent larger.) Thermocouples were placed in 
the center of each section during the winding operation. 
Both the wafer and wire coils were impregnated, placed 
on a common core tube. and a -in. steel end plate 
was cemented to the outside surface of each coil. Three 
turns of 14-in. copper tubing were -soldered to each 
end plate symmetrically on the outside. The foil and 
the wire units were of the same rating and physical 
size. No attempt was made to check the temperature 
gradients within each coil. but the location of the 
thermocouples was chosen so that the maximum tem- 
perature within the coil was measured. 

Tap water (18 C) was passed through each coppet 
tube in sufficient quantity to remove 90 watts of heat from 
the coil under test. The heat test was performed with 
only one coil energized so that the results would not 
be affected by the other coil. As can be seen in Fig. 5. 
it took only 15.75 gal per hr to cool the wafer coil as 
compared to 35.5 gal per hr in the wire coil; in addition. 
the wafer coil remained cooler by 20 F. With many 
other configurations, cooling results show an even greatet 
difference between wafer and wire units. 

Although considerable work has been done with wafer 
coils in solenoid applications utilizing forced cooling. 
very little has been carried out with transformers. The 
cooling effectiveness is just as great for transformers as 
for solenoids although in general the amount of heat 
dissipated is considerably less. 

To demonstrate the effectiveness of wafer coils, an 
experimental 400-cycle filament transformer was con- 
structed. The unit chosen was a 400-cps 115-volt primary 
and a 6.3-volt 12-amp secondary. Figure 6 shows the 
physical comparison of the conventional and the wafer 
unit. The wafer unit had two equal wafers made of 
aluminum foil in series for the primary and a single 
copper wafer for the secondary. The wafer coil unit 
itself was much smaller than the equivalent wire coil. 
The wafer coil unit was then placed in an air-tight 
container with an inlet and outlet for air. The wafer 
sections were spaced '4, in. apart and the air was 
directed through the spaces. thereby 
each turn. 


directly cooling 


Figure 7 plots the results obtained. The inlet tempera- 
ture of the air was 77 F at sea level pressure. The wafer 
unit. although it weighs only 0.78 lb, was capable 
of running three times rated normal current (36 amp) 
with 5.05 lb of air per hour. Under these conditions, 
60 watts were dissipated. A comparison of this wafer unit 
with twice normal current in the secondary to a conven- 
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Fig. 3 Cooling fin assembly for wafer coil. 





Fig. 4—Typical narrow wafer foil coil. 
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Fig. 5—Cooling comparison test of wafer foil coil and square 
wire coil, 





Fig. 6—Equivalent wafer foil coil and wire wound transformers. 
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Fig. 7—Foil coil wafer and exhaust air temperature vs heat 
dissipated (various air flows). Input air temperature 77 F. 
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Fig. 8—Weight savings for typical cast and coil cast trans- 
jormers. 


Deviation from maximum inductances over 
temperature range from -55 to +/25C 
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Fig. 9—Average inductance variation vs temperature for un- 
treated, cast coil and molded transformers. 
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tional wire-wound convection unit of the same rating 
would make the conventional unit weigh 5.25 lb. In 
some aircraft systems 50 lb per kilowatt for air cooling 
is considered the weight penalty, Adding this weight 
penalty for cooling gives a corrected weight for the 
wafer unit of 2.3 lb as compared to 5-25 lb for the con- 
ventional type. This indicates the potential savings in 
weight and space by combining the wafer coil and proper 
cooling techniques. 

To meet 


military environmental 


transformers, ete. 


requirements for 
the critical part to be protected is the 
be accomplished in many ways. The 
whole core and coil can be placed in a metal enclosure 
and hermetically sealed. This generally adds to volume 
and weight requirements. Encapsulation provides weight 
reduction over can types but the protection is not as 
complete. Molded transformers offer a weight saving 


coil. This may 


over the can types but not over encapsulated units. Trans- 
formers molded with epoxy resin generally have better 
environmental protection than encapsulated types but are 
limited in size. Due to the difference in coefficient of 
expansion of steel and resin, cracking of the resin is a 
problem on large types. Fillers in the resin reduce the 
coefficient of expansion and permit larger units to be 
cast. This adds weight and reduces the insulation resist- 
ance properties of the resin under high humidity condi- 
tions. 

Casting the coil separately for complete environmental 
protection, stacking laminations and then dipping the 
whole assembly into a thin epoxy resin makes a rugged 
lightweight assembly. This offers some distinct advan- 


tages. 


1. Complete protection for the coil. 

2. Light weight. 

3. Stability of performance through processing and 
temperature cycling. 

1. Better cooling. 


Figure 8 shows two examples of coil casting vs molding 
the entire transformer. On the power transformer the 
weight saving of cast coil over molding the entire trans- 
former is approximately 18 per cent; it is nearer 10 per 
cent on the audio unit. This does not necessarily mean 
that the larger the unit, the greater the per cert weight 
savings. The weight saving will be a function of the 
overall design and requirements on ratio of conductor 
to core material. 

However, in addition to the weight saving due to the 
use of less casting material, there are other potentials 
in improved reliability. 

The permeability of many core materials, particularly 
the high nickel alloys, is pressure and temperature sensi- 
tive. Therefore, processing the core and coil assembly 
usually introduces a shift in performance from the dry 
core and coil stage to the finish stage due to the pres- 
sure exerted in the laminations and the temperatures 
required in processing. Additionally, any good vacuum 
process will introduce impregnating material into a gap 
in the core material. This can have a great effect on the 
performance of the finished piece. Figure 9 illustrates 
some of these characteristics. Eighteen audio trans- 
formers of the same design were checked: six were left 
in the unfinished stage (that is, with no impregnation of 
any kind); six were molded with conventional tech- 
niques; and coils only were cast in the third group. Each 

(Continued on page 318) 
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Cunningham type “F” 10x10x6 crossbar 
switch; actuation of any 1 of 10° seLect 
coils together with any | of 10 Hox coils 
establishes a crosspoint that closes a contact 
on each of 6 levels. 


P 


One of 10 six-level line plate assemblies 
that make up the switch of Fig. 1. 
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stepping-switch scanner control 


high-speed (MBS tube) scan- 


The design limitations of crossbar ner control 


switches once restricted their applications 9's : 

ee digital-to-analog conversion 
to telephone circuits. Now designed to 
meet severe industrial specifications, these analog-to-digital conversion 
compact three-dimensional contact arrays 
are being increasingly applied as control multiple-function systems 
system components where sophisticated 
logic is required. 
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KURT ENSLEIN* 


UNTIL A FEW YEARS AGO crossbar switches were primarily 
applied to telephone circuitry. These switches did not 
have particularly desirable characteristics for instrumen- 
tation uses, i.e. contact resistance was not reliable, thermo- 
electric potentials were easily generated, operation was 
slow, crosstalk was quite high and the assemblies were 
bulky. Recently, types of crossbar 


however. several 


switches specifically intended for instrumentation, control 
and data processing applications have appeared on the 


market. This paper deals with a few applications of one 
such device: the “F” crossbar switch manufactured by 
James F. Cunningham, Son & Co., Inc.. Rochester 8, N. Y. 


Switch Construction and Operation 


In its most general form, a crossbar switch consists 
of a three-dimensional XYZ array of contacts. Operation 
of an XY coordinate usually results in actuation ot several 
contacts in the Z plane. For example, in the 10x10x6 type 
“F” array shown in Fig. 1, there are 10 seLect (X) and 
10 HOLD (Y) coils. The sequential operation of a SELECT 
and of a HOLD coil will actuate one of the 100 crosspoints 
in this array. In addition, the array is 6 levels high 
(Z) so that 6 normally open contacts are closed when one 
of the XY crosspoints is operated. In other words, the 
array of Fig. 1 can be thought of (with certain restric- 
tions to be enumerated later) as a 6-pole, 100-position 
switch with completely random access. 

In the type “F” switch, the contacts in the system 
are not completely independent. The switch is composed 
of a properly spaced stack of these line plate assemblies, 
one of which is shown in Fig. 2, together with the 
actuating mechanism. (This actuating mechanism will 
not be described in detail here as it is of no particular 
importance to the application of the switch). 

Figure 2 shows that a line plate assembly is composed 
of 6 line conductors running the entire length of the 
line plate. Crossing at right angles with these line con- 
ductors are 10 sets of link conductors. The connections 
from these link conductors are brought out to the bottom 
of the line plate assembly to taper-tab terminals. Actually, 
then, each one of the line plate assemblies forms a 6-pole, 
10-position switch with random access. It is possible 
to split the line conductors in two on any one line plate, 
thereby facilitating a still different type of logic. For 
example, each line plate could be made to look like a 
combination of a 6-pole, 6-position switch plus a 6-pole, 
1-position switch, again with completely random access. 

Certain other restrictions exist in the operation of these 
switches, primarily due to the limited power capability 
of the actuating magnets. In particular, a HOLD magnet 
is associated with each line plate. At the present state 
of the art, it is not possible to pick up more than two 
Mr. Enslein is Director of Research, Brooks Research, Inc., 


N. Y. The work reported here was performed for 
Co. Inc., Rochester 8, N. Y 


Rochester 10, 
James Cunningham, Son & 


APRIL 1958 


6-pole crosspoints with one HOLD magnet. This is, how- 
ever, not a severe restriction. 

Modes of Operation. It was pointed out above that 
it is necessary to operate SELECT coils before HOLD coils to 
actuate crosspoints. However. this does not preclude the 
operation or the setting up of more than one crosspoint 
within a particular switching array. In general, the 
following methods of operation are possible (this listing 
is not meant to be all-inclusive) : 

e Single crosspoint operation. To pick up coordinate 
1.2 (the first digit refers to SELECT coordinates, the 
second to HOLD coordinates or. in other words, to link 
and line coordinates respectively), the SELECT coil 1 and 
subsequently HOLD coil 2 must be actuated. After the 
HOLD coil is actuated SELECT coil 1 can be released; HOLD 
coil 2 will hold the 1.2 crosspoint. In order to release 
the crosspoint, HOLD coil 2 must also be inactivated. 

e Simultaneous operation of two crosspoints on one 
line coordinate. To actuate crosspoints 1,2 and 6,2, first 
SELECTS | and 6 are operated and then HOLD 2. SELECTS 
1 and 6 can then be released and the two desired cross- 
points will remain set up. 

e Sequential actuation of two crosspoints on one line 
coordinate. To actuate crosspoints 1,2 and 6,2 sequenti- 
ally. first SELECT 1 is actuated, then HOLD 2. When SELECT 
| is released, the 1,2 coordinate remains set up. Then 
SELECT 6 is actuated. The requirement now, however, is 
that HOLD 2 must be operated one more. HOLD 2, how- 
ever, is already operated. Therefore, in order to operate 
6.2, HOLD 2 must be released. When HOLD 2 is released, 
coordinate 1.2 is also released: Thus it is not possible 
to set up two crosspoints sequentially on one line co- 
ordinate. This must be done simultaneously, as described 
above. 

e Sequential actuation of two links on different line 
coordinates. To actuate 1.2 and 6,3 sequentially, first 
SELECT 1 is picked, then HOLD 2 and SELECT 1 released. 
This sets up 1,2. Then actuate SELECT 6 and subsequently 
HOLD 3, after which SELECT 6 is released. Both cross- 
points will then have been actuated. 

e Simultaneous operation of two crosspoints on differ- 
ent line coordinates. This is an impossible situation that 
would require the actuation of SELECTS 1 and 6 and subse- 
quent operation of HOLDS 2 and 3. The nature of these 
crossbar switches is such, however, that any time a HOLD 
coil is operated, any and all intersections with SELECT 
coils that have been operated will be actuated. This 
means that if SELECTS 1 and 6 are actuated, operating 
HOLD 2 will operate crosspoints 1,2 and 6,2. Operating 
HOLD 3 will actuate crosspoints 1,3 and 6.3. In other 
words, two crosspoints which were not desired have also 
been set up in the process. Therefore, actuation of cross- 
points on different line coordinates must proceed sequen- 
tially. 

The steps detailed in the previous sections can be ex- 
tended to more than two crosspoints, of course. In general, 
in a 10x10x6 type “F” array it is possible to set up a 
maximum of 20 crosspoints at any one time with the 
restriction that there shall be no more than two crosspoints 
per line coordinate. 

Switching Speed. The general form of crossbar de- 
scribed in this paper uses rather low masses and high 
forces. This results in high operating speed. Typically, in 
low impedance circuits, a SELECT magnet will operate in 
approximately 6 to 7 millisec and a HOLD magnet in about 
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the same time. In high impedance circuits. (when the L/R 
ratio is not the limiting factor) a SELECT magnet can op- 
erate in approximately 3 millisec and a HOLD magnet in 
approximately 4 millisec. The release times are of the 
same general order of magnitude. 

Contact Resistance. [ue to the high contact pressure 
of these switches (35 grams). contact resistances between 
10 and 20 milliohms are obtained. This value of resistance 
is quite uniform and is achieved by twin palladium alloy 
or gold contacts. The latter alloy is usually used for very 
low-level application such as thermocouple switching. 

Noise. In general. noise induced in the contacts is less 
than 5 microvolts in a 20-kc bandwidth at an impedance 
of one megohm. Thermoelectric noise is less than 0.01 
microvolt/deg C. These characteristics permit the type 
“F” crossbar to be used very readily in low-level applica- 
tions. 

Crosstalk. Due to the symmetrical structure shown in 
Fig. 2, the crosstalk in these switches is extremely small, 
a typical value being —60 db at 10 mc and 100-ohm term- 
inations. These low values of crosstalk permit the switch 
to be used in such applications as magnetic recording 
head switching. 

Life. While life of any electromechanical device is 
primarily a function of the operating condition, in gen- 
eral these switches can be relied on to operate 10 to 20 
million times per crosspoint without adjustment. Tension 
adjustments might be necessary after this time but can 
easily be made in the field. Contact wear is such that some 
100 million operations per crosspoint can usually be ex- 
pected at low currents. 
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3-Coordinate Single-Point Selection 


Figure 3 shows a typical, suitable array for selecting 
any one contact without recourse to external switching 
other than for control of the SELECT and HOLD magnets. 
This array consists of a 5xl0x6 switch which therefore 
has 300 contacts in its volume. The switch is made up of 
> line plate assemblies; one HOLD coil (H»-H4) is asso- 
ciated with each line plate assembly (line 0 - line 4). The 
SELECT coils are denoted Sg-Sg- The contacts labeled On 
are off-normal contacts associated with the armatures of 
the SELECT and HOLD coils. These contacts are shown in 
their non-actuated position. Across each of the coils are 
shown back-to-back diodes for arc-suppression. 

The crossbar switch is functionally divided into two 
sections. Line plate assemblies 1-4 are used for XY selec- 
tion, and line plate assembly 0 is used for Z selection. The 
individual line conductors on various line plate assem- 
blies are connected together. If one crosspoint is operated 
anywhere in the system, this can be detected on all the 
line plates. 

Example: Selecting Point No. 99. first operation 
is to make the Z selection, i.e. that one plane out of the six 
on which the output will be found. In this case SELECT 2 
is actuated. When SELECT 2 operates, the SELECT 2 off-nor- 
mal contact (So ON) closes. Tracing this from ground, 
note that power is applied through all the HOLD off-normal 
contacts to the HOLD coils. However, only that HOLD coil 
which has a path completed through the HOLD distributor 
will operate. At this time the Hp path is completed, Ho 
then operates and the 2,0 coordinate crosspoint is set up 
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(left) Typical single-point selec- 
tion circuit arranged to select 
any | of 240 connections. 
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(right) Stepping-switch scanner 
control for circuit of Fig. 3. 


ee 


te select level 3 of line plate assembly 1. At the same time 
(see Fig. 4), the NC off-normal contact of Hy opens and 
the NO contact closes. The NC contact disconnects Ho 
from the SELECT off-normals and the NO contact, by 
closing, latches Hy». SELECT 2 is now released through the 
control circuitry. S, is then operated and Sy, ON closes, 
completing a path to the HOLD coils (excluding Ho). 
Only that HOLD coil which has its path completed through 
the HOLD distributor is operated and this is arranged to 
be H,. The same sequence for latching then operates for 
H, and coordinate 4,4 is set up. 

The input to the switching array is through the taper- 
tab terminals on line plates 1 through 4. If we enter now 
at point No. 99, we intersect level 3. As we continue to 
the left, we leave line plate 4 and find that our next inter- 
section is on line plate 0 at level 3, which point then be- 
comes the output. In this manner, we have then selected 
one point out of a possible 240 in a 5x10x6 array. By 
suitably wiring the remaining 4 crosspoints of line 0 
(not shown on Fig. 3), it would be possible to increase 
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the number of points to 264; however, the complications 
in control do not usually warrant this modest increase in 
capacity. 


Stepping-Switch Scanner Control 


Figure 4 shows a simplified schematic diagram of a 
stepping switch control system for the arrangement shown 
in Fig. 3. The general purpose of this control is to sequen- 
tially select the 240 points, one at a time, in response to 
a control pulse. In other words. on the first pulse. point 
No. 1 will be selected. On the second pulse, point No. 2; 
third pulse, point No. 3; ete. 

Three stepping switches are used for this purpose. 
K101 is used to select the SELECT coil for XY operation. 
K102 is used to select the HOLD coil for XY operation. 
K103 is used to select both SELECT and HOLD coils for the 
level (Z) selection. 

The system operates as follows (assuming that all the 
stepping switches are in their first active positions). 
Note that the NC part of the on contact of Ho is con- 
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nected to level 1, AJ03, and the NO portion of that con- 
tact to level 1, AJ01. The function of this arrangement is 
to assure that level 1, A]03, determines the operation of 
a SELECT coil for vertical selection and level 1. AJ0OJ, 
the operation of a SELECT coil for X selection. The ar- 
rangement shown makes the two functions mutually ex- 
clusive. Also, it assures that the XY selection cannot be 
made until the Z selection has been accomplished. 

The sequence then starts with K1J03 in its first active 
position and a point of levei 3, K]03, connected to ground. 
This operates AJ03 through AJ03/ and thereby steps 
K103 to the second position. While in the first position, 
level 1 of AJ03 has operated Sy. When K103 arrives at 
position 2. level 2 of K103 connects the eround for Ho, 
and the vertical selection has been made. When Hy 
operates, Hy ON in the rotor of level 1 K103 opens and 
So is dropped. At the same time. Hy ON in the rotor of 
level 1 KJOI closes and Sp is picked up again. When So 
picks up, its ON contact closes and power is applied to the 
HOLD coil selected by AJ02 level 1, in this case, H. 
H, then operates and the first crosspoint of the XY sys- 
tem is selected. The XYZ selection has now been accom- 
plished. When the step switch is closed, K103 is ener- 
gized. Upon reopening the sTEP switch, KJ03 will step 
by one position. As it steps to the No. 3 position, level 1 
of K103 will be open and therefore Ho will release. 
K103 level 4 is connected to ground to override the Ho 
ON in the rotor of level 1, KJ07. When K103 arrives at 
position 3. its coil is connected through K103I and K103 
level 3 to ground. K]03 then proceeds to self-step. When 
it arrives in position 4, S; is picked up. K103 will also 
skip past position 4 due to the ground on level 3, K103. 
When it arrives in position 5, Ho is again picked up and 
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the second output level has now been selected, while the 
original X} coordinate has remained selected. An appli- 
cation of a STEP pulse will now repeat this process until 
eventually all six levels have been sampled. On the fol- 
lowing pulse, AJ03 will go into a self-stepping mode due 
K103. It will also step 
through its neutral position due to the connection to 
K103 ON». In the process on positions 24, 25 and neutral, 
K102 is actuated. This steps K102 from H, to Ho and 


the previously described cycle for vertical selection re- 


to the connection on level 3, 


peats. 

This procedure repeats until all HOLD coils have been 
indexed, at which time K102 goes into a self-stepping 
mode, due to the connection of K102 level 3. K102 also 
steps back to its first position through its neutral position. 
In so doing, it advances K101 by one position through 
the connections on K102, level 2. Advancing K101 by one 
position now activates S; for the XY selection and the 
two previous cycles repeat. 

There has been no attempt in this schematic to show 
provisions for end-of-scan indication, skipping certain 
groups of points, holding selected groups of points, etc. 
These features, however, are very readily provided by 
means of additional levels on the controlling stepping 
switches and their implementation does not present par- 
ticular problems. 

It should be pointed out that the stepping switches are 
used here only for purposes of controlling the magnets 
of the crossbar. The signals selected by the crossbar 
switch never pass through the stepping switch contacts. 
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Moreover, virtually all the sequencing requirements are 
placed on the crossbar switch. One is thereby assured 
that the SELECT and HOLD timing relationships are ade- 
quately satisfied. 

\rrangements such as shown in Figs. 3 and 4 have 
been extended to a much larger number of contacts. It is 
just as feasible, for example, to select vertically in groups 
of two or three wires rather than single wires. This would 
be done in Fig. 3 by having one crosspoint select two 
wires instead of one out of the possible six. Therefore, only 
a one-out-of-three selection would then be required. It is 
quite evident that, by combining switches in various ways 
and providing such special features as cutting line con- 
ductors in two parts, it is possible to arrange almost any 
desired sequencing means, still making full use of all the 
possible contacts in the crossbar switch. 

Scanners of the type described here have found exten- 
sive use in thermocouple and strain-gage applications, as 
well as in data-reduction processes such as readout of 
analog computer voltages, selsyn voltages indicative of 
the position of control rods in nuclear reactors, automatic 
testing applications for diodes and assembled circuits. 


High-Speed Scanning Control 


The control arrangement shown in Fig. 4 is restricted 
in speed by two factors. The first is the operating speed 
of the stepping switches. The second is the operating 
speed of the crossbar. The combination of the two re- 
stricts the maximum scanning speed to approximately 10 
points per sec. It is true that a somewhat more sophisti- 
cated sequencing logic could raise this to approximately 
20 per sec. However, if it is desired to operate at still 
higher rates, fundamental limitations in the stepping 
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switches and their necessarily sequential operation domi- 
nate. 

When electronic means of driving the crossbar magnets 
are considered, the stepping-switch restrictions are 
immediately removed. However, a further limitation 
arises, namely the required buildup time of the crossbar- 
magnet currents. One way of decreasing the buildup time 
is to overdrive the magnets. In the circuit of Fig. 5 this 
is accomplished by means of the 2N301 transistors and 
the associated series RC time constant. Neglecting the 
base current, the transistors are arranged so as initially 
to apply twice rated voltage to the crossbar magnets. As 
C, changes, the voltage eventually falls to approximately 
71 per cent of the rated value, which is entirely sufficient 
to hold the particular magnet energized. 

The transistors are driven from the targets of magnetic 
beam switching tubes. The output power from these 
tubes is typically limited to 0.4 watt. The target current 
is then used to drive a transistor which acts as a power 
amplifier. The diode D, acts as a voltage clamp to pre- 
vent destructive potentials being applied to the transistor 
when the field of the magnet collapses. 

The operation of the simplified circuit of Fig. 5 is as 
follows: Let us assume, to start with, that we actuate the 
RESET and BEAM FORMATION pushbutton. This will cause 
the zero spade potentials to be lowered to ground and 
the beams in both MBS tubes will form on the zero spades. 
At this time Sp will be actuated. After it has been actu- 
ated, its ON contacts will close and potentials will be 
applied to the Hg to Hg coils and therefore Ho will also 
operate, and a crosspoint will have been set up. A control 
pulse now arrives and triggers the first blocking oscillator, 
V101, which emits a negative pulse to transfer the beam 
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from the 0 target position to the No. | target position in 
V102. Therefore, Hg will release and H, will operate. 
This type of operation continues until the beam leaves 
the No. 9 target position. At this time, a positive pulse is 
generated at the No. 9 target and fed to the next blocking 
oscillator, V 03, which in turn emits a pulse to transfer 
the position of V 104 from the 0 spade to the No. 1 spade. 
This causes Sy to be released and S,; to be picked up. At 
the same time V]02 has switched from No. 9 to No. 0 
position. When S,; has again operated, Hy is made and 
the entire cycle repeats. 

No attempt has been made in this description to pro- 
vide for such things as homing from given positions, 
vertical selection, etc. (inasmuch as these details are 
similar to those explained for the stepping-switch type 
of operation). One point, however, should be explained. 
In the simplified schematic shown in Fig. 5, full advan- 
tage of the speed of the crossbar has not been taken, in 
that when a transfer from the No. 9 to the No. 0 position 
of V102 occurs, the crosspoint is not actuated until the 
next SELECT magnet has been picked up. This delay can 
be avoided by transferring the SELECT magnet, not when 
the Hy-H» transfer occurs, but immediately after Hy has 
been actuated. This, in a way, prepares the SELECT mag- 
net for the next HOLD magnet operation. The simplified 
schematic shown in Fig. 5 is not able to accomplish this. 
Additional holding contacts on the HOLD magnet and a 
somewhat different arrangement of transfer of pulses is 
required. When this type of arrangement is used, it is 
possible to drive the crossbar with a make time of ap- 
proximately 4 millisec and a release time of approxi- 
mately 3 millisec. However, since the release of one HOLD 
magnet occurs while the next HOLD magnet is making. 
only the 4 millisee figure is significant. In the final analy- 
sis, then, it should be possible to drive a scanner at the 
rate of 200 points per second by means of MBS tubes or 
some such similar arrangement. In actuality, a certain 
amount of dwell time is required to obtain output from 
the selected contact. This restricts the operating speed 
usually to less than 100 points per second. All this is, of 
course, facilitated by the fact that the rate of rise of the 
current in the HOLD magnets is very rapid. In the exam- 
ple shown, this rise occurs in less than 200 microsec. 


Digital-to-Analog Converter 


The logic of the type “F” crossbar is such that many 
flexible arrangements can be devised. As a matter of fact, 
one of the prime difficulties in designing crossbar switches 
into systems is that there are so many possibilities and 
it becomes difficult to select the optimum arrangement. 

The two applications which will be detailed in the next 
sections are considerably more sophisticated in their 
logic than the scanners outlined above. Figure 6 shows 
the crossbar logic of a digital-to-analog converter. This 
might be a punched-card-to-analog or a punched-tape- 
to-analog conversion device, for example. The design is 
based on the Kelvin-Varley potentiometer. Provisions are 
made for sign determination as well as three significant 
digits. This is, of course, a strictly arbitrary choice: the 
arrangement could be extended to as many significant 
digits as desirable. 

Line 0 is used for sign determination. By actuating 
So, Ho, negative sign is selected. By actuating S,, Ho. 
the positive sign is selected. Line 0 is essentially the equiv- 
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alent of a double-throw switch with a central neutral 
position. 

The output from line 0 is fed to the resistance potenti- 
ometer. For lines 1 through 3 the SELECT coordinates rep- 
resent the digits in the hundreds, tens and units positions. 
The HOLD magnets H,. H» and Hg also represent the hun- 
dreds, tens and units respectively. By actuation of one 
crosspoint on each one of lines 1 through 3, an output 
voltage at the E,,,, terminals is produced. This voltage is 
the analog representation of the digital value stored in the 
crossbar with an inaccuracy of less than one unit of the 
digital information fed to the crossbar with the proper 
polarity attached. 

The arrowed terminals labeled with numbers on each 
one of the link outputs provide digital representation of 
the contents of the switch. This information could be fed 
to a printer so that both analog (voltage) and digital 
(numeric) representations of the card data sensed at a 
particular time are available simultaneously. If the analog 
voltage is fed to an XY recorder, for example, it would 
be possible to edge-print the digital representation of the 
original number on each of the axes. In the case of both 
X and Y conversion (which is the usual case in practice) 
the 4x10x6 array shown in Fig. 6 would actually be an 
8x10x6 array. Note that only three levels are used here. 
In practice, however, the three unused levels can be ap- 
plied to auxiliary functions, and they may just as well 
be provided in the switches originally, as very little 
saving is effected by omitting them. 

Another use for the digital output, in addition to print- 
out, is for automatic verification as to the proper opera- 
tion of the digital-to-analog conversion system. The 
digital outputs from the crossbar can be compared to the 
original digital inputs. If a discrepancy should exist, this 
information can be made to appear. In practice, this 
means a second reading of each punched card or punched 
tape frame after the information has been transferred to 
the digital-to-analog converter. This facility can be readily 
provided on many card or tape reading machines. 

The schernatic shown on Fig. 6 does not include the 
control of the crossbar. Figure 7 shows a simplified con- 
trol scheme for the arrangement of Fig. 6. This scheme 
has been worked out for use with a serial card or tape 
reader, such as the IBM 526. Similar arrangements exist 
for parallel readers, such as IBM 514, 519, 523 and 524. 
The operation of the control system is as follows: Let us 
assume that K/01 is in its first active position and that 
the first column of an 80-column IBM card is to be sensed. 
When this column arrives under the reading brushes of 
the IBM 526, the sign information will be ready to be 
read. If the sign is (+-), the digit line connected to S, 
will be energized and S, will operate, assuming that the 
READ contact has operated. The READ contact is in the 
IBM 526 and signifies that a column is now being sensed. 
When S; operates, its ON contact closes and as this is 
connected in the rotor of level 1 K101, power is applied 
to Hy through its NC-on contact and through the NC 
CLEAR X contact. When Ho operates, its NO-oN contact 
connects one side of Hp to ground and opens the other 
part of the on and disconnects Hp from the SELECT-ON. 
The sign of the X coordinate of the number to be con- 
verted has now been obtained. S,; is then dropped by 
virtue of the fact that the IBM machine is made to step 
to the next column and that this opens the READ contact. 
Stepping to the next column can be accomplished in many 
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ways. One method is to obtain a pulse from the contact 
which has been operated in the crossbar and feed this 
pulse to the IBM 526. When the IBM 526 steps to the next 
column, an emitter pulse is generated which steps K101 
by one position. When the column is ready to be read, the 
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READ contact will again close and one of the digit lines 
will be active, operating one of the SELECT magnets which 
in turn will operate H,. Latching will occur, IBM 526 
will step and the cycle repeais. This process continues for 
all the X and Y digits. When all the HOLD magnets have 
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been pulled up, the information stored in the crossbar is 


complete. A contact (not shown) is now operated to plot 
the point on the output device, such as an XY recorder. 
After the point is plotted, a decision can be made as to 
whether to retain one of the coordinates stored in the 
crossbar while the next word on this card, or perhaps 


another card, is sensed. To retain any of the coordinates, 
nothing need be done. To clear either coordinate, the 
CLEAR X or CLEAR Y contacts are opened through relays 
and these drop the HOLD coils associated with either 
Aor. 

It should be pointed out that Fig. 7 is a very simplified 
schematic and shows only the general method of opera- 
tion. Many features, such as being able to read from any 
column in cards, being able to read any number of words 
up to six from one card, etc. can be provided by means 
of simple additional circuitry. No basic conflicts exist. 


Analog-to-Digital Converter 


A still more sophisticated crossbar logic is exemplified 
by the simplified schematic of an analog-to-digital con- 
verter in Fig. 8. This schematic shows only one of the 
significant decades. There would be either three or four 
of these, depending upon the resolution desired from the 
converter. 

In examining the crossbar itself, note that the SELECT 
and HOLD magnets now consist of two independent wind- 
ings. These windings are wound on top of one another and 
there are then four terminals available for each magnet. 
This facility permits still more intricate logical arrange- 
ments as will be illustrated below. The Kelvin-Varley 
potentiometer scheme is again used. In addition, we have 
a comparator amplifier. The input to this amplifier con- 
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sists of the unknown d-c voltage to be digitized and the 
output voltage from the Kelvin-Varley potentiometer. The 
output of the amplifier consists of a relay, K]02, operated 
through a gate. The relay can only operate when the gate 
receives a COMPARE signal. 

The relay has a neutral-off position and two active 
positions. Stepping switch AJ01, or its equivalent, is 
again used to select the digit that is now being operated 
on, much as in the case of the digital-to-analog converter. 

In analyzing the operation of the Fig. 8 circuit, to 
start assume that KJQ1J is in its first active position and 
that the unknown is applied to the comparator amplifie: 
and that crosspoint No. 10 in the line pictured in Fig. 8 
has been operated. At this time (determined through any 
one of many possible means), a COMPARE order is given 
to the gate and K102 will operate. If the digitized value 
is greater than the unknown, AK/02B will close. It is as- 
sumed that Sg has previously been inactivated and we 
will see below how this has been achieved. When K102B 
closes, level 1 of the line plate is grounded. Since the 
No. 9 crosspoint is operated, the pick (P) coil of Sg is 
energized. When it energizes, Sg ON will latch Sg. When 
Ss closes, another ON contact on Sg also closes. This 
contact is located in the rotor of K10/ level 1. When this 
occurs, the pick coil of Hy ON closes and its NO contact 
opens. This latches Ho. Crosspoint No. 8 has now been 
set up. By this time K102 has returned to its original 
neutral position so that level 1 of the line plate is no 
longer grounded. When the No. 8 crosspoint operates, 
its No. 3 level is connected to a positive potential which 
is applied to the knockdown (KD) coil of Sg through a 
condenser to ground. This will give a momentary pulse 
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which will knock down Se and leave only Ho operated. 
At this time a COMPARE signal is again generated and 
K102 operates once more. 

This process repeats until the unknown becomes larger 
than the digitized value. At this time. K]02A will close, 


the SELECT magnet associated with the crosspoint just 


tested is again operated, and the previously tested value 
is reinstated. At the same time, A/02A’ operates, stepping 
K101 by one position and now selecting the next HOLD 
magnet for the next lower significant digit. The pick coil 
of Hy is connected through its NC-oN contact through 
level 2 KJO1 to ground. Therefore, Hp always wants to 
be operated since, when the NC contact opens, the NO 
contact closes and Hp» is again connected to ground. 
When one of the SELECT magnets operates, one of the 
SELECT-ON’s will close and apply a pulse through C,9 to 
the knockdown contact of Hy through level 1 K/01. This 
will momentarily drop out Ho until the NC-on contact of 
Hy again makes. In this way transfer from the previously 
operated crosspoint to the next one selected is accom- 
plished through the ability of the new interposer to move 
into its proper position during the off period of Ho. 
This description is necessarily rather simplified as it 
omits some of the sequencing necessary to accomplish 
the desired operations. The salient point, however, is 
that most of the logic reuired in a digitizer is provided 
by the crossbar and in such a way that very little reliance 
is placed upon timing of external devices. The COMPARE 
pulse, for example, could very well be obtained from one 
of the unused levels. Also note that the digital information 
is available from the crossbar on one of the other unused 
levels. In practice, the operating speed of the arrange- 
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ment shown here can be made at least as fast as relay- 
type digitizers, especially if high impedance sources are 
used for the crossbar magnet drives. The crossbar in this 
application replaces much of the wiring and. individual 
components necessary in digital-to-analog converters and 
is one of the outstanding examples of the complex logic 
possible in this type of device. 


Multiple Functions 


The last example in this series makes non-uniform use 
of the logic in the type “F” crossbar. This system is de- 
signed to handle pulses and video information with rise 
times of the order of 0.05 microsec and crosstalk down 
more than 50 db at 10 me between any pairs of con- 
ductors. The array shown in Fig. 9 satisfies these require- 
ments very easily. 

The problem here is to select one out of 60 pairs, 
much as has been accomplished in earlier schematics. In 
addition to this, it is desired to provide additional out- 
puts from the selected pair. Finally, it is desired to insert 
one or two devices (such as pulse transformers) in series 
with the selected pair. 

Line 1 of Fig. 9 is used for the conventional XY selec- 
tion in the same manner as shown in earlier diagrams. 
Line 2 is used for the one-out-of-three Z selection. The 
output pair is then taken to lines 3 and 4. In line 3, 
parallel access to the selected pair of wires can be pro- 
vided by operating any one or two of the crosspoints in 
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The “Centenary Neo- 
phone” made by Siemens 
Edison Swan Ltd. and de- 
signed in collaboration 
with John Barnes of 
Allen-Bowden Ltd. 


Printed Circuits 
in New Telephone Design 


Aimed at lower cost and greater competitive strength, a totally new version 


of an existing well-accepted product was achieved by blending modern tech- 


niques and materials with skillful design for appearance and function. A fa- 


miliar every-day device, the ordinary telephone subscriber's set presents par- 


ticular problems and opportunities for engineering and design collaboration, 


as demonstrated in this new British product. 


MICHAEL FARR 
Editor, Design, London, England 


A RECENTLY INTRODUCED British telephone is claimed to 
be the first in the world to use a printed circuit. The 
instrument offers significant technical improvements to 
increase its performance range, simplify maintenance and 
reduce all-round costs. To match these features the com- 
pany called in a consultant designer to provide entirely 
new and original forms for the instrument, 

To maintain its position in the competitive market for 
telephones of world-wide application, the firm of Siemens 
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Edison Swan Ltd. recognized the need to introduce a 
model with improved performance, low first and mainte- 
nance cost, attractive appearance and reduced size and 
weight. Without sacrificing quality in any way, a low 
first cost has been achieved. The firm claims that the tele- 
phone’s reliability and sturdiness are in every respect 
sufficient to meet the needs of any telephone administra- 
tion and its subscribers. The employment of a printed 
circuit has made an important contribution to this end. 

The main instrument case is molded in impact-resistant 
polystyrene, free from inserts, and mounted on a mild 
steel baseplate dished to give a sloping outer edge all 
round. In the baseplate, indentations have been formed 
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Fig. 1—Baseplate of new telephone set, carrying dial and 
ringers, with printed-circuit panel detached. 


to stiffen the construction and serve as mountings for 
the dial brackets, ringer gongs and the printed circuit. 
Fig. 1. 

The dial passes through a hole in the front of the 
case and the cord grommet slides into a cut-out at the 
rear, Fig. 2. The case is seated on the dial switch hous- 
ing by means of a rubber ring, and the plunger heads 
are enlarged so that when depressed they close over their 
respective holes within the casing. The instrument is thus 
dust and insect proof. The weight of the assembled in- 
strument, without handset, is only 47 oz, and consequently 
the baseplate has been fitted with gripping rubber feet 
formed in a series of concentric rings to reduce unde- 
sired sliding movement to a minimum. For example. 
on a glass surface a horizontal force of 3314 oz is needed 
to move the instrument and on a planed wood surface 
the force is 421% oz, both of which show an approximate 
increase of 60 per cent over the force required to move 
the standard British Post Office instrument, which is 
nevertheless heavier by 1714 oz. 

Most of the instrument components are mounted on the 
printed-circuit plate. The capacitor, resistors, induction 
coil and ringer are soldered directly to the plate and the 
ringer is secured by two screws. The gravity switch 
bracket is riveted to the plate; the springset and the free 
end of the dial cord are directly soldered to it. The tabs 
of the handset and line cords are clamped by quick-thread 
screws to clips soldered on the rear edge of the plate. 
On a U-shaped bracket above the circuit plate is mounted 
a pivoting platform which transmits the movement of the 
plungers embedded in the handset mounting to activate 
the springset. These plungers are tipped with polytetra- 
fluorethylene to reduce wear and prevent sticking. 

The induction coil has a closed loop magnetic circuit 
with the winding wires brought out onto tabs molded 
into the bobbin, a feature which should avoid all possi- 
bility of faulty joints inside the winding. All three wind- 
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Fig. 2—Entire assembly without cover, showing printed-circuit 


board carrying the components, including the switch and ringer 
magnets. 


Telephone handset disassembled. 
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Fig. 4-The transmitter unit of the “Neophone.” 
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Vacuum-Molded Ep 


Oxy 


Cast-Resin Applications 


Significant improvements in insulation 


and physical characteristics, also en- 


hanced physical appearance, are obtained 


from epoxy-molded instrument trans- 


formers. 


HOWARD R. LUCAS, Engineer 
CANADIAN GENERAL ELectric Company, Lrp. 
Toronto, Canada. 


THE BASIC REQUIREMENTS for a proposed new line of 
instrument transformers were these: 

1. Improvement in accuracy and regulation. compared 
with previous models; 

2. Better insulation protection: 

3. Enhanced appearance; and 

1. Adaptability for mass production operation. 

The use of epoxy resins has made it possible for us. 
after two years of research, to produce molded potential 


and current instrument transformers that meet the origi- 
nal requirements and that show exceptional accuracy. 
The epoxy resins provide homogeneous insulation with 
high dielectric strength. good impact resistance, excellent 
heat dissipation, increased creepage distance, and have 
also helped to eliminate tracking and oxidation. A fea- 
ture of our application is the use of the low-pressure 
vacuum molding technique. 

This technique is quite different from older methods 
of making instrument transformers. Formerly, the trans- 
formers had an insulation structure that 


was manually 
applied. The high-voltage 


windings were taped with 
varnished cambric or crepe paper and then the entire 
transformer was vacuum-impregnated with asphalt. Cer- 
tain problems, however. are inherent in high-voltage 
transformers of this type: 

1. Insulation strength is limited by the constructional 
configuration that is attainable with asphalt. In com- 
parison, it is easy to mold the epoxy insulation into the 
ideal configuration around the transformer components. 
This results in a structure that has both higher electrical 
and mechanical strength plus improved appearance. 

2. The melting point of the asphalt is above the tem- 
perature at which the cellulosic materials begin to break 
down. It is difficult. therefore, to attain the complete 


Old and new styles of instrument transformers manufactured by Canadian General Electric 
Company, Ltd., Toronto, Canada. The former asphalt-impregnated model on the left is in 
marked contrast to the epoxy-molded current transformer on the right. 
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A cutaway section of an instrument trans- 
former reveals the exent of penetration 
of the epoxy resins. Coverage is complete 
in every space not taken up by a solid 
part. 


resin impregnation desirable for protection of trans- 
former components from the effects of heat aging and 
voids. Asphalt treatments are thus necessarily a com- 


promise between conflicting requirements of temperature 
and time; vacuum pressure is used to speed up the 


process and to limit the damage to the cellulosic materials 
by the high asphalt temperatures. By 
however, we were successful in covering current-carrying 
circuits with a 100 per cent solid. low-shrinkage material 
with high mechanical and dielectric strength; and were 
able to obtein the advantage of complete impregnation 
without danger of damage to cellulosic insulation. 


using epoxies, 


3. Asphalt-insulated transformers in high-voltage ap- 
plications are subject to corona damage caused by the 
build-up of electrical stresses that cannot be inhibited 
through the materials used and configurations permis- 
sible. Epoxy resins molded into the desired configurations 
were found to inhibit such corona effects because they 
have excellent adhesion to metals and also because they 
eliminate air occlusions in the transformers. 

The epoxy resins that solved these and associated 
design problems were not selected until many other 
materials were critically evaluated. The list eventually 
was winnowed down to the polyester and epoxy resins. 
The former were finally rejected because of low dielectric 
strength and substantially higher shrinkage rate after 
curing. The polyester resins investigated have a volu- 
metric shrinkage of between 7 and 10 per cent, which 
limits dimensional accuracy and can result in cracking 
of the components during manufacture. The epoxies not 
only have higher. dielectric strength. but they shrink 
volumetrically about 2 per cent before gelation and 
about 2 per cent after gelation. This shrinkage may be 
further reduced by the addition of filler such as glass, 
asbestos, silica or alumina. 

We investigated the European two-stage method of 
transformer molding in which the coil is first impreg- 
nated with one type of epoxy resin and is then encap- 
sulated with another. Since we were primarily interested 
in mass production of instrument transformers, this proc- 
ess was discarded because of the high manufacturing 


costs. 
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resin 
was finally selected for our single-stage molding opera- 


Shell Chemical Corporation’s Epon 828 epoxy 


tion. This resin can be filled quite heavily and yet will 
maintain its fluidity so that the coil and the entire trans- 
former can be impregnated and cast in one molding 
operation. No gaseous byproducts are released durin, 
cure. Considerable size reductions were made in the 
transformer designs by taking full advantage of the 
structural and insulating properties of the resin. 

The low-pressure vacuum-molding process is advan- 
tageous in that it eliminates the possibility of basic 
component parts moved out of line. It also 
avoids bubbles, voids. and other imperfections between 
the windings in the transformer and the outside insula- 


being 


tion. The latter is most important in such applications 
because of the need for uniformity of insulation. Elec- 
trical stress concentrations could develop at the point of 
a flow or bubble which in turn would result in insulation 
failure and possible transformer breakdown. 

Success of the vacuum molding method is attested to 
by the fact that overall field test failures have been less 
than 0.5 per cent in a total of over 10,000 units now in 
use. We feel that this record will improve as time goes 
on and improvements of technique make themselves felt. 

Design-wise, epoxy molding has made possible several 
interesting features in the instrument transformers. In 
the 5000-volt indoor current transformer the shape of the 
insulation next to the silver-plated primary terminals 
permits easy taping of primary connections. On the 
secondary terminals a reversible cover is used incorpor- 
ating an automatic device that short circuits the secondary 
terminals when the cover is removed or placed in the 
reversed position. Lead wires cannot be inserted through 
the cover holes when in the reversed position. When 
the cover is replaced in its correct position, the automatic 
short circuit switch is opened, allowing current to flow 
through the secondary wiring. 

All of the transformers can be mounted vertically, 
horizontally or inverted. The resin is molded around 
core and coils, completely insulating the conduetors: the 
resin forms both tank insulation and support. Metal 
containers and porcelain bushings are eliminated. Im- 
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proved accuracies and regulation are achieved by the use 
of rectangular spirakore design and layer wound coils. 


The Production Process 


The basic components (core, coils, terminals and base) 
are assembled in proper relation to each other. The 
of the primary coils gives the current 
transformers high mechanical strength and enables them 
to withstand at least twice the surge currents absorbed 
by transformers of ordinary design. 


figure-8 shape 


Divided coil con- 
struction offers greater heat dissipation and permits con- 
tinuous operation up to 150 per cent of rated current 
without overheating. 

The divided secondary coils are constructed the same 
way as the primaries with the same advantage of 
mechanical strength and permanent high accuracy. They 
are separately wound. then assembled over the core, 
inside the primary coils. Insulation throughout is pro- 
vided by the molded epoxy. 

The interleaved core is formed of high-permeability 
steel strips. A steel band, attached also to the 
holds the primary and secondary coil 
rigidly in place and 
positioning of the core. 


trans- 
former base, 
assemblies assures permanent 
is placed in one half 
other half of the 
bolted. A release 
agent is used on the mold surfaces not only to facilitate 
removal of the molded transformer but also to impart 
a high gloss finish to the Adhesion of the 
resin to mold surfaces during cure may lessen resistance 


The entire coil-core assembly 
of the stainless steel mold. and the 


mold is then clamped down. and 


exterior. 


to thermal shock because of the development of surface 
strains. 
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After the transformer has been loaded with epoxy resin, fillers 
and catalyst, the mold is removed from the vacuum chamber 


and placed in a heating unit. Curing time and heat are deter- 


mined by size of transformer. Following cure, the mold is 
unbolted and the molded transformer removed. 
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The epoxy 


In the production of epoxy-molded transformers, 
vacuum and low pressure are needed to speed the flow 
of resin and enable it to penetrate every space not 
taken up by a solid part, such as around the core 
laminations and in between the coils. 
vacuum chamber located 


below the special equipment where the 


The mold is placed in the 
resin, 
fillers and catalyst are mixed in the proper proportions. 


epoxy 


resin formulation is vacuum-pumped be- 
fore it is forced down by through 
leading to the mold. To ensure the total removal of all 
air and moisture, the 


after it is in the 


pressure pipes 


resin is again vacuum-pumped 


mold. The amount of resin pumped 
into the mold is determined by the size of the trans- 
former being molded. 

added to the resin to enable the 
resin to more closely approximate the expansion coeffi- 
cient of the 
the possibility of thermal stresses. 


Fillers are epoxy 
materials being molded and thus reduce 
They also help to 
change the flow characteristics of the uncured resin, 
improve electrical properties, increase toughness, reduce 
shrinkage and improve resistance to atmospheric 
conditions. 

After the mold has been loaded with the resin, it is 
removed from the vacuum chamber and placed in the 
heating unit. Curing time and heat are determined by 
transformer size. 


Following cure, the mold is unbolted 


and the transformer is conveyed to the finished area 


where accessories and hardware are attached. 

The present production set-up is still considered only 
a pilot operation. New equipment for volume production 
now being installed will provide for completely auto- 
matic resin mixing, loading and curing. 

Each instrument transformer is tested thoroughly to 
ASA Standards. 


standard 


Current trans- 
metering and 


prove conformance to 


formers are given relaying 


accuracy—class ratings which define the performance at 
normal and at over-current values. Potential transformers 
are also given metering accuracy ratings. Each trans- 
ratio-measuring 
apparatus to ensure that it meets the values marked on 
the nameplate. Standard 


each transformer. 


former is tested on _ high-precision 
insulation tests are also 


performed on 


Summary 

The application described in this article reflects the 
primary advantages imparted by the epoxies for 
electrical insulation of apparatus: 

1. Addition of mechanical strength and _ protection 
of delicate parts and coils. 

cycles 
military 


2. Improvement of resistance to thermal 


and vibration, particularly as required for 
applications. 
3. Improvement of heat transfer in electrical coils 
obtained by filling of voids and better heat flow. 
Vacuum-casting techniques as outlined here enable 
further gains to be made in the electrical properties; 
they are effective in attaining sound, void-free insulation 
; appearance and _ improved 
O00 


structures of pleasing 


reliability. 
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Reprints of ‘Slide Rule Mathematics” Available Now 


COMBINED REPRINTS of both Parts I and II of “Slide Rule 
Mathematics” are available from The Gage Publishing 
Company, 1250 Sixth Ave., New York 20, N.Y. Price: one 
dollar per copy, postpaid; remittance with order. Included 
with each combined reprint will be a set of four practice 
slide rules printed on a separate sheet of heavy stock for 
easy cut-out, 


Slide Rule Mathematic 


Concluding half of a practical discussion 
of the application of the slide rule to 
engineering problems. Covered in this 
section are: The Log-Log Scales 


The log-log scales on a slide rule are primarily designed 
to raise numbers to various powers, i.e., to evaluate such 
expressions as 7'*, 8'*, 83°7°. Just as the C and D scales 
reduce the operation of multiplication to an addition of 
distances, the log-log scales reduce the operation of raising 
a number to a power to a simple multiplication which is 
then done on the C and D scales in the usual manner. The 

; : scheme used is as follows: 
Vector Diagrams . . a 5 
5 5 It is desired to calculate y* ( for example, 3°). 
Hyperbolic Functions sehr ; ae ea ; pe 

Sinh 1. The first step is to rewrite y as e” (in this case y = 3 

“ 1.1)\* 
=€~} 


The Log-Log Scales 
Raising a Number to a Power 
Fractional Powers or Roots 
Odd Logarithms 
Exponential Equations 
Extended Values 


er 2. The next step is to raise e” to the a power by multiply- 
iia ee Ralitiatas ing b X ato give e™. (In this case (e?)* = e'1** — e**) 
Comolnn Fenctians 3. The final step is to evaluate e™* to obtain the desired 
Circular Slide Rule number. (In this case e® > — 246 = answer). 
Notice that the first step required a table to convert the 
number, y, to the form e”, that is to state b if given y. The 
a3 gt ae BS second step was to multiply b by a and the third was to con- 
Re Ge iearaiee vert the answer from the form e™ back to a number. There- 
Farmingdale, N.Y. 


*, +-, a positive real number 
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Fig. 57—Log-log scale arrangement for numbers greater than one. 
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Fig. 58—1.08 =e 7.13 =e”; and e'= 4.48 


Fig. 59B—(5) °° = 56 


Log-log scale arrangement for numbers less than one 


Fig. 62—e = 0.607;e = 0.9656;0.98 =e"; and 0.93 =e °”” Fig. 63—(0.8)’ = 0.64 


64—(0.98)** = 0. Fig. 65—0.975 = 1/1.026 


Fig. 66A—(10,000) Fig. 66B—(10,000)°”* = 10 
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fore. steps one and three require a conversion table and 
step two requires a multiplication device. The slide rule is 
already able to multiply, therefore only the conversion 
table referred to is necessary. This table is provided by the 


log-log scales which are arranged as shown in Fig. 57. 

In Fig. 57 the numbers, y, from 1.01 to 10,000 appear 
on the LL1, LL2, LL3 scales. Directly below them appear 
the corresponding numbers of the exponent b such that y 
= e”. The solid hairline in Fig. 57 shows that 1.08 = e°°”, 
the dashed hairline is set at 1.3 — e°?* and the dotted hair- 
line indicates that e!° = 4.48. This conversion chart is used 
for steps one and three referred to above. The D scale, when 
used with the C scale in the normal manner, will perform 
the multiplication of step two. 


In the construction of the slide rule, the D scale is not 
decimalized as it is in Fig. 57 so that the user must provide 
the decimal point. The LL (log-log) scales appear above 
each other on the slide rule in a manner similar to the R 
scale arrangement. The same three problems worked out 


. ‘* -=— "7 ‘ 69 
in Fig. 57, 1.08 er. iss gaa 


3 é and e! 


1.48 are 
shown in ig. 58 under the solid, dashed, and dotted hair- 
lines respectively for comparison with Fig. 57. 

Raising A Number to a Power. lig. 59A shows the 
solution of (5)*° 56 or In 5 & 2.5 In 56 [( +++) 
+ (-—--) = (——)]. This notation will now be ex- 
plained. The dashed hairline is placed over 5 on the LL3 
scale. The reading on the D scale of 1.61 is the natural loga- 
rithm (abbreviated In) of 5. In other words, e'® 5. In 
order to raise 5 to the 2.5 power, it is necessary to multiply 


In 5 by 2.5 (1.61 & 2.5 


1). Since the original number, 


5, equalled e'', the new number, e'®*?* e* = the orig- 
inat number raised to the 2.5 power. Glancing up the solid 
hairline e*, as indicated by 4 on the D scale, is translated 
by the LL3 scale to its value of 56. Fig. 59B shows an alter- 
nate scheme for solving this problem using the CI scale. It 
is recommended that this problem and notation be reviewed 
carefully before proceeding. 

Fig. 60 shows (1.02 )#° — 2.800 or In (1.02) 400 
In 2.800 [(+++) + (———) = (——) ]. Notice that 
in this case the original number ( 1.02) and the final answer 
appear on different log-log scales. This will occur quite 
often and the reference to Fig. 57 will help straighten out 
the problem of scale selection. 

The LL1, LL2, LL3 scales cover the number range of 
1.01 to 20,000. Fig. 61 shows the LLO1 and LLO2 scales for 
numbers from 0.99 to 0.40. Many slide rules have an LLO3 
scale to go from 0.40 to 0.00005. This scale was omitted 
here to save space. As in the case of the other log-log scales, 
e raised to a power shown on the D scale is equal to the 
number indicated directly below on the LL scales. Notice 
that the D scale is labeled with negative numbers. These 
minus signs and the decimalization shown do not appear 
on the slide rule. A few simple examples show that the oper- 
ation of the scales of Fig. 61 is the same as those of Fig. 57. 
Compare Fig. 62 with 61. Fig. 62 shows the slide rule lay- 
out for the same problem as set up in Fig. 61 and again 
points out the need for the user to insert decimals. The 
problems set up in these two figures are as follows: e°* 
= 0.607 (dashed hairline), e°®** = 0.9656 (dotted hair- 
line), 0.98 — e°° (solid hairline), 0.93 = e°°® (dash- 
dot hairline). 

Fig. 63 shows the slide rule setting for (0.8)? — 0.64 
using the log-log scales (In 0.8) x 2 = (In 0.64) [(+ ++) 
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+ (—-——) = (——) ]. Notice that the use of the LLOL. 
LLO2 scales is the same as the use of LL1, LL2, LL3 scales. 
The selection of proper log-log scale represents the same 
sort of problem here also as seen by Fig. 64 which shows 
(0.98)* = 0.4 or (In 0.98) & 45 = In 0.4 [(+++) + 


{(———) = (———) ]. Notice the use of the CI scale here. 


The LLO1 and LLO2 scales are italicized because they run 
backwards. 

Because the LL] and LLO1 scales represent e raised to 
the same power at each hairline setting with one the nega- 
tive and the other the positive exponent, the LL1 and LLO] 
scales are reciprocals of each other. This is also true of 
LL2 and LLO2 scales. As a result, reciprocals of numbers 
near unity can be read off with great accuracy because as 
unity is approached these scales are very wide. Fig. 65 
shows the slide rule setting for 0.975 = 1/1.026. 

On some slide rules, to save space, the log-log scales are 
half length and used with the A scale. 


The log-log scales are based on powers of e. Any other 
number could have been chosen as a base, but e is com- 
monly used since calculation of powers of e is a frequent 
chore. 


Fractional Powers or Roots. Raising a number to a 
fractional power or root is also possible. Fig. 66A shows 
(10.000) 10. (In 10.000) 4—1n10 [(+++) iat 
(——--—) = (———)]. Fig. 66B shows another version 
of the same problem, (10,000)°”° 10 | (In 10,000) 


0.25 In 10] [(-++) + (--—-) = ( )]. 
Odd Logarithms. The log-log scales permit calculating 
logarithms to any base by shifting the D scale (this is done 
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Fig. 67—Logarithms to the base 4.5 
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Fig. 69—(0.8)°°” = 0.96 





by using the C scale as a substitute) so that the shifted D 
scale index is in line with the desired base number on the 
log-log scale. In Fig. 67, the shifted D scale (C scale) has 
its index at 4.5 on scale LL3 as shown by the dotted 
hairline. As a result the dashed hairline shows that 
log 4; 20 = 2. The solid hairline shows log ,.; 1000 1.6 
and log 4, 2 = 0.46. 
Exponential Equations. lig. 68 illustrates the use of 
the slide rule in solving exponential equations. Here 3” 
100 is solved for y. The procedure is to set up the solution 
as if y is known and the answer. 100. is not known. The last 
step, the setting of the solid hairline, is then performed by 
setting the hairline (on y) on the C scale so that the hair- 
line covers LOO on the LL3 scale. The value of y is then read 
as 4.2 as shown. The solution of Fig. 68 follows: 
| (In3) x y=In 100] [(-++) + ¢ —) = (-——) ]. 
Raising a number to a power and extracting a root is a 
combination of previous operations such as shown in Fig. 
sertua 69 for the case: (0.8)°°/ 0.96 | (In 0.8) & 5.5 ~ 30 
0.96] [(+++) + (—--——) —(----) = (—-) J. 
Extended Values. Since the log-log scales have finite 
limits, occasionally a problem will “fall off the end of the 
rule.” There are four possible cases: 


Fig. 70—Development of vector components. 


7 er MarR TROw arta Bp ae 1. To find In y if y lies between 0.99 and 1.01, rewrite 4 
ST 06" _O7* O8* 09° ras" | | a as: (1+ z) or (1 z) 
S See Tar CaP 097 nr | Wr @ oP ws oe 
OS, 04 , 05 06 o7 opgai0 2 | In (1+ z) =z (z <0.01) 
. In (1 — z) z(z <0.01) 
\s an example, In 1.002 In (1 + 0.002) — 0.002. 
2. To evaluate e" if |n| <0.01, use the approximation: 
e*—l+-n (— 0.01 <n <+4+ 0.01) 
3. To find In y if y is less than 0.4 or greater than 10,000 
rewrite In y as 


Fig. 71A—Tan™ (3/7) = 23.2" 


In 4 Ina + In b 
where a and b are two numbers such that 

[7 Ow Pareertrirer . 2, BF ar BT ST y a X b, 
| 1 Seen we OR selecting a and b such that they appear on the log-log 

1. To evaluate y" if it is larger than 10,000 or smalle: 
than 0.04 rewrite y" as 

y" Ce 

where a and b are two numbers such that a" and 6” both 
appear on the log-log scale and are related by: 


Fig. 71B—3+sin 23.2" 
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Vector Diagrams 
gt 08 GF OF OF res ae Per ee] Her st 
S See IY a eat SEY. Spe ye Sse eer S A very common type of problem is to resolve a vector” 
soz ebeesGeco$eeBad into components along perpendicular axes or to calculate 
the vector if its components are given. The electrical phasor 
diagram is a relative of the vector diagram and uses the 
same calculation techniques. 
Fig. 72A—9cos 30° Fig. 70 shows the development of vector triangle rela- 
tionships. Fig. 70A shows the basic or unit triangle — a 
right triangle with a hypotenuse of unit length. The sides 
are sin @ and cos 4 in length where 6 is the angle opposite 
T 6°Re? Tas a Pern RO EOrse xP 70° pes 3060 P55°9 
St ar neararu ee wie Bd be aa vector quantity of magnitude r and direction angle 4 
P : > _, OS OF Sepa) | Seth 


the sin @ side as described previously. Fig. 70B shows a 


which can be considered to be the sum of two components, 
b and a, in the vertical and horizontal directions, respec- 
tively. Fig. 70C shows how the vector and its components 
are related in a triangle. Notice that the vector diagram of 


Fig. 72B—9 sin 30° =45 *A vector is a quantity, such as force, which has magnitude and direction as opposed 


to a scalar, such as temperature, which has only magnitude. 
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Fig. 70C is the unit triangle with each side multiplied by r. 
There are many ingenious schemes for calculating r 
and @ of Fig. 70 if a and b are given, and vice versa, but 
all are based on the method given and most sacrifice sim- 
plicity in order to save one or two slide rule motions. The 
formulas involved are apparent from inspection of the 
diagrams of Fig. 70. 
Vethod I: 


If a and b are given. 


1. Calculate 6 from: 4 


2. Calculate r from: 7 
Vethod IT: 

If r and @ are given, 

1. Calculate b from: b 

2. Calculate a from: a 


r sin 6 
rcos 6 
l'wo examples will now be given. 
Example I: a = 7,b = 3 
Fig. 71A shows the solution of 64 tan? (3/7) 
[ tant [(---) — (---) = (—-)]] 
Fig. 71B shows the solution of r = 3 ~ sin 23.2° 
[(+++)-(---) =(— )] 
Example II: r = 9, 6 = 30 
In Fig. 72A: a - 9 cos 30° - 7.8 
[(-+-+) + (---) = (—_)] 
In Fig. 72B: b = 9 sin 30 4.5 


[(+-+) + (---) = (—)] 


Hyperbolic Functions 


Hyperbolic functions are first cousins to trigonometric 
functions. They appear in electrical problems containing 
distributed parameters. By definition: 


hyperbolic sine of x sinh x x 


hyperbolic cosine of x cosh x 


and 


sinh x 


hyperbolic tangent of x — tanh x 


cosh x” 

which are similar to the series definitions given for sin 2 
and cos x previously. As before, these definitions hold for 
all possible finite values of x. 

It can readily be shown by manipulating the series defini- 
tions of e”, cosh x and sinh x that: 
e* aie e= 
2 
et +. e* 

2 
and by combining these equations, 

cosh?x — sinh?x = 1 


It can be demonstrated that sinh and cosh are related to 


sinh x = 


cosh x == 





a triangle connected to a hyperbola just as sine and cosine 
are related to a triangle connected to a circle, but the 
analog seems to have almost no interpretative value in 
engineering problems. This analog, however, is responsi- 
ble for the names “hyperbolic sine” and “hyperbolic 
cosine,” etc. 

Fig. 73 shows plots of sinh x, cosh x and tanh x. Notice 
that. unlike trigonometric functions of Fig. 43, the hyper- 
bolic functions are not periodic. 

Sinh. The SH1 and SH2 scales are used to find sinh x 
when x is given in radians. Fig. 74 shows the scale layout. 
Sinh x appears on the D scale over x in radians set on the 
SH1 or SH2 scale. For example, the solid hairline shows 
that sinh 0.65 0.696 and the dashed hairline indicates 
that sinh” 4 2.1 radians. In Fig. 74 the D scales have 
been decimalized, but on the slide rule the user must insert 
the decimal point, as usual. Thus, in Fig. 75 the solid 
hairline shows that sinh 0.65 0.696 and that sinh 2.64 

7. The dashed hairline in Fig. 75 indicates that sinh 4 

2.1 radians. Compare Figs. 74 and 75. 

For small values of x beyond the SH scale, the following 
approximation can be used: 

sinha =x (x <0.1) (xis in radians) 

For values of x larger than 3.0. the following approxi- 

mation is useful: 


e* 


sinh x (x> 3.0) (x is in radians) 


rhe evaluation of e* is performed using the log-log scales 
as described previously. 
Notice that the distance from the left index to the value 
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Fig. 74—Hyperbolic sine scale arrangement. 
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of x on either SH scale represents sinh x in D scale units. 
This is illustrated in the following example of SH scale 
use. Fig. 76 solves: 

3 + (sinh 2) X (sinh 0.7) 
+ (—-—-) = (—)] 

Should it be necessary to evaluate sinh of a negative 
number, as can be seen in Fig. 73, sinh (—x) = —sinh x. 

Tanh. The TH scale is used to find tanh x when x is 
given in radians. Fig. 77 shows the scale layout. Tanh x 
appears on the C scale under x in radians set on the TH 
scale. For example, the dashed hairline shows that tanh 
0.8 = 0.665. Conversely, the solid hairline shows that 


0.63 [(+++)—(——-) 
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Fig. 75—Sinh 0.65 = 0.696 and sinh 2.64 = 7 
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Fig. 77—Hyperbolic tangent scale arrangement 
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Fig. 78—2 + 3 X (tanh 0.7) = 0.403 
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RULE NO.4 


Fig. 79—2 X (cosh 0.7) = (sinh 0.7) + (tanh 0.7) X 2 = 2.52 


tanh “0.5 = 0.55 radians. In Fig. 77 the C scale has been 
decimalized, but on the slide rule the user must provide 
the decimal point. 

Tanh x is always less than one. As a result, the tanh 
scale on the slide rule gives all values of tanh x for the 
range x 0.01 to x «. For values of x <0.01, the 
following approximation can be used: 

tanh x x (x <0.01) (x is in radians) 
Notice that the distance from the left index to the value of 
x on the TH scale represents tanh x in C scale units. If x 
is negative the same scale is used and the following applies: 
tanh x = tanh ( 
of Fig. 73. 

Fig. 78 shows the calculation of 2 + 3 * tanh 0.7 = 
0.403 [(-++) —(—-——) + (—-—-) =(——) Jas 
an example of TH scale use. 

Cosh. Since cosh x (sinh x) /(tanh x), it can be cal- 
culated readily. For example, Fig. 79 shows: 2 cosh 0.7 
(sinh 0.7) + (tanh 0.7) & 2 = 2.52 [[(+++) —(—-—-—) 
+ (---+) = (—)] 


As can be seen in Fig. 73. cosh (—x) 


x), as can be verified by examination 


cosh G, 1.€. € osh 
is always positive and is the same for either positive or 
negative values of a given x. 

If x is less than 0.1 radians, cosh x is unity for all prac- 
tical purposes. 

From the series definitions of e*, cos x and sin x it can 
be shown that e”” cos x jsin x. 

The combination of cos x and sin x suggests a right tri- 
angle with cos x and sin x as the two legs. Fig. 80A shows 
a diagram which is only an aid to calculations and is com- 
monly used to picture this relationship. This diagram is 
not a proof or demonstration of a real meaning for e”*. 
e’* is a number—nothing more. The diagram of Fig. 80A 
may be thought of as an analog or an aid to computation, 
but it should not be assumed that it gives e’* a meaning as 
the hypotenuse of a triangle, or a vector, or anything else. 
Just as the number seven can represent a distance, a tem- 
perature, a time, a size of group, a weight, etc., so e’* can 
have any number of meanings. However, the diagram of 
Fig. 80A is handy; 
axis is marked off in units of 7 and the horizontal axis is 
marked off in units of one. This diagram should be com- 
pared with Fig. 70 which it resembles closely. 


so it will be used here. The vertical 


Since sin?x cos*x 1. the length of the hypotenuse 


(the magnitude of e’*) in Fig. 80 is sin?x -+- cos?x l for 
any value of x*. This checks with the observation that, if 
e’”* is raised to the 2x/x power, 


(e'*)47/* — 4 cos (27) j sin(2z7) 


-0=] 


The only number that can be raised to a power other 


cos(Q) jsin(0O) = 1 
than zero and be equal to one is one itself. Therefore, it 
seems that e’” has a magnitude of one for all values x! 
As x varies then, the e line in Fig. 80A rotates about the 
origin shown with a constant line length of unity. In fact, 
by substitution into the formula, e” 


cos Xx j sin x, it 


can be seen that: 
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These values are shown in diagram form in Fig. 80B. Notice 
that e’* rotates as x increases. By letting x = jwt where 
w is frequency in radians per second and ¢ is time in sec- 
onds, e’* e’“* becomes the unit phasor of a-c circuit 
theory. 

The multiplication of the diagram of Fig. 80A by a con- 
stant results in Fig. 81, which will become the model for 
the following calculations. Notice the difference between 
lengths as measured by the double arrows and complex 
representation as indicated by the single arrows. The idea 
that multiplication by j is equivalent to an angle change 
of 90° has been avoided because this idea holds for com- 
plex numbers and for phasors. but does not hold for vec- 
tors; yet these three forms of numbers use the same 
diagram and the same slide rule calculation! 

The notation “axis of reals” and “axis of imaginaries” 
shown in Fig. 80A is commonly used and is shown for 
completeness. Philosophically, j7 is no more an “imagi- 
nary’ term than 7. Both are abstract symbols that are 
aids to logical manipulation. 

Evaluation of Complex Functions. A method for 
the evaluation of sinh(x + jy), sin (x jy), ete., will be 
given based on the diagram of Fig. 81. There are more 
flashy methods, but the approach shown is universal. con- 
sistent and easy to learn. As in many fields, once a simple 
basic approach is mastered, tricks can be readily picked up 
as needed. The method will be applied to sinh(x jy) as 
an example. 

It can be shown by substitution in the various series 
expansions that: 

sinh(x +- jy) (sinh x) (cos y/) j (cosh x)(sin y) 

or 
sinh(x+ jy) 


(sinhx) (cosy ) 


j(sinhx )(siny) /(tanhx)* 


This relationship is represented in Fig. 82. From this Fig., 


le e 


sinh(x + jy) 


cosh x sin y 


tan y* 
where tan"! tan"! : 


sinh x cos 4 tanh x 


sinh x cos y* 

cos @ 
The forms with asterisks avoid cosh x and are therefore 
readily used for slide rule computation. Note that the 
slide rule version of the 6 equation is formed by replacing 


cosh by sinh/tanh since cosh is not a slide rule scale. Essen- 


and A 


tially, the method used is to draw a right triangle repre- 
sentation of the original cartesian expression. The polar 
representation is easily deduced from that diagram using 
the vector techniques developed previously. 
An example of computing sinh (2 1.22) in cartesian 
form will point out a difficulty. From the formula given: 
sinh (2 j1.22) 
(sinh 2) (cos 1.22) + j(sinh 2) (sin 1.22) / (tanh 2) 
but cos 1.22 and sin 1.22 must be converted into degrees 
to use the slide rule scales. Since 
1.22 radians L222 xX SS 70°, 
sinh(2 + 71.22) = 
(sinh 2) (cos 70°) + j(sinh 2) (sin 70°)/(tanh 2) 
It is suggested that the reader calculate this on his slide 
rule. The answer is: 
sinh (2+-71.22) = (3.62) & (.342) +-j (3.62) (.94) / (.965) 
= 124 +-.j352 
The cartesian forms of other complex functions are: 
cosh(x +- jy) = (cosh x) (cos y) + j(sinh x) (sin y) 
sin(x + jy) — (sin x) (cosh y) + j(cos x)(sinh y) 
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cos (x + jy) = (cos x) (cosh y) — j(sin x) (sinh y) 
They can be evaluated by the same scheme used for 
sinh(x + jy). 

For computing tan (x — jy) or tanh(x — jy), because 
of the extreme values that often occur, it is usually best 
to first evaluate sinh and cosh or sin and cos and then sub- 
stitute in either tanh 
appropriate. 


sinh/cosh or tan = sin/cos as 


jy sinx 
x radians 


(Axis of imaginaries) 


j direction 


Ordinary number direction 


(Axis of reals) 


x Radians 


x2 Ton?! Sin x 


Cos x 
A Cos x 


ACosx 


Fig. 81—Complex term evaluation. 


j(Cosh x)(Sin y) 


(Sinh x)(Cos y) 


Fig. 82—Representation of sinh (x + jy) 





Circular Slide Rules 


The circular slide rule is almost as old as the straight 
slide rule. A sketch of one is shown in Fig. 83. The three 
scales shown, C, CI, A, are just a few of the usual array 
which often includes more scales than the most elaborate 
straight slide rule. 

In principle, the operation of a circular slide rule is the 
same as the operation of a straight slide rule. Distances 
are added to correspond to multiplying and subtracted 
to correspond to division. The two plastic fingers which 
contain the hairlines are free to pivot about the center and 
are mounted so that if one hairline is left free and the 
second is rotated, the first hairline moves with the second 
so that the angle between the two hairlines remains fixed. 
If it is desired to change the angle between the hairlines, 
one is grasped in each hand and the angle is varied by 
causing a friction clutch that connects the two hairlines 
to slip. 

\n example of circular slide rule use is shown in Figs 
834A and 84B in solving the problem 

bxM1Sb = 253 

[(-+-) + (—---) —-(----) = (— )] 

In Fig. 84A,5 & 15 [(-++) 4+ (——-—)] is formed as 
a distance by putting one hairline on 5 on the CI scale and 
the other hairline on 1.5 on the C scale. The angle be- 
tween now corresponds to 5 1.5. (Notice that in the 
case of the circular slide rule, angles correspond to the 
distances on a straight slide rule ). By holding the circular 
rule in one hand and moving one of the hairlines with 
the other hand, the angular distance between hairlines is 
unchanged as the hairlines are repositioned from Fig. 84A 
to 84B. In Fig. 84B the answer is read off as indicated. 

The circular slide rule is not very popular, probably 
because the straight slide rule is more established. The 
major differences to the user between the two styles of slide 
rule are: 

|. A 10 in. diameter circular rule has a C scale over 30 in. 
long and therefore can be read more accurately than a 
10 in. straight slide rule. 

2. The circular slide rule is cheaper to manufacture than 
a straight slide rule and can take more abuse. 

3. Because the scales are continuous, i.e., one index 
touches the other, changing indices is never necessary when 
using a circular slide rule as it is when using a straight 
slide rule. 

1. The circular shape is more awkward to handle and 
carry than the straight shape. 

5. Locating specific values on a scale is more difficult on 
a circular scale than a straight scale because at any given 
time half the numbers are upside down and the indices may 
be in any orientation. 


Summary 


As a summary and review of the basic relationships 
among the scales of a slide rule: 

If a number x is placed on the C or D scales and the C 
and D indices are aligned, the other scales read as follows: 
LID = e*, LL — &, DF and CF 7x, DI and CI = x", 
To tena, S = sin™“s, K “, A and B = x7,L= 


mantissa of log;9x, TH — tanh’"x, SH = sinh’™x, P = 
V(1l— 2), R= x". o0°0 


108 


Fig. 84B—5X1.5+2% =3 
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Selenium Rectifier 
Selection and Circuit Design 


Selenium rectifiers are distinguished from 
other modern types in that they function 
on an “area” rather than a “point” prin- 
ciple. With current-carrying capacity a 
direct function of area, selenium recti- 
fier application is readily accomplished by 


straight forward circuit analysis. 


RICHARD C, HITCHCOCK 
Consulting Engineer 
SYNTRON COMPANY 

Homer City, Pennsylvania 


THE CORRECT APPLICATION OF selenium rectifiers is based 
on their twe key parameters, forward current density 
and reverse blocking voltage ratings. During years of 
successful use and development of selenium rectifiers, 
continuous progress has been made in improving both 
of these characteristics. The analysis of rectifier circuits 
is largely a process of evaluating resultant rectifier cur- 
rent density and reverse voltages. 

The elementary half-wave circuit, Fig. 1, has a source 
of alternating voltage e,-, which is commonly a trans- 
former secondary, with a rectifier S and a load in series. 
The simplest load impedance is a resistor R across which 
the output voltage is ejc. 
rig. 1, are: 


The typical voltage curves, 


Cac = Cac — Ce (1) 

where e, is the voltage across the rectifier. 
In the forward or conducting direction, when e€g¢ is 
positive at the top, e, is low; and in the reverse or block- 
ing direction, es — @ac. This being a series circuit, i, 
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and i are identical. It is the practice to measure ig with 
an (averaging) d-c meter and i, with an rms meter. If 
I, is the rms reading of i, and Jp is the average reading 
of lr, 
I, 1.57 Ir (2) 
The current density is specified as amp/sq in. of ac- 
tive area. This is the continuous average d-c output over 
a large number of complete cycles of a-c. This d-c average 
bis lz can be obtained from Fig. 1, which shows in- 
stantaneous ir, by integrating over one half the cycle 
and then dividing by two for the full cycle: 


lfr. 2 eee . 
lee = Ip = sf inp = sf im Sin 6d0= 0.5 X 0.638 i,, 

c a =0.319i, (3) 
where i,, is the maximum current density and the forward 
current is a sine wave for the conducting half of the 
cycle. 

For the transformer rating, in addition to the steady 
d-c which must be allowed for, 


2a . 


int . *e. 2) 
I.=I,2 V tp = i, \V = sin? 6d@= 0.500%, (4) 


where /,, is the rms current rating of the transformer, 
and 
I,/Ir = 0.500/0.319 = 1.57 (5) 

To illustrate equations (3) and (4), if the peak for- 
ward i, = 0.796 amp/sq in., then J,, = 0.796 « 0.319 

- 0.254 amp/ sq in. over a full cycle. The rms rating 
of the transformer is 0.796 0.500 = 0.398 amp/sq in. 
over a full cycle. Using the above data, the rectifier 
would be rated 0.25 amp/sq in. in average current into 
a resistance load. If the rectifier were 2.0 sq in. in area, 
the average current would be 0.500 amp. 

The reverse voltage, on the other hand, is independent 
of the area of a rectifier. In the blocking or reverse di- 
rection, @; = ac, and if e» is the maximum value and 
Ems the rms value of reverse voltage, 


Ems = /{7 <= =0 07 ‘ 
oan aes oe ‘em (6) 


(Continued on page 110) 
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Fig. 1—Instantaneous voltages 
and currents of a_ half-wave 
rectifier with resistance load. 


Fig. 3—Operating losses in a selenium cell at 90 C, with sine- 


Losses. Electrical power is ex- 
pended in both the forward and re- 
verse directions. These are losses that 
raise the temperature of the rectifier; 
there is an upper safe operating 
limit. For this reason the rectifier 
should be mounted in as cool a loca- 
tion as possible, and when necessary, 
forced air cooling provided. 
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wave current forward and sine voltage reverse. 


Figure 2 shows typical 20 C data 
from 0.1 to 1.0 watt/sq in. total heat 
loss in a selenium rectifier supplying 
a resistance load. Usually 0.3 watt/sq 
in. is considered to give a 30 C rise 
with convection cooling, and 1.0 
watt/sq in. with forced air cooling. 
The solid lines on Fig. 2 show the 
ratings for 10 per cent forward loss 


and 90 per cent reverse loss. At 0.3 
watt/sq in. this typical plate will block 
39 volts rms and supply 0.07 amp/sq 
in. average forward current. The 
broken lines show ratings for equal 
forward and reverse losses. At 0.3 
watt/sq in. under this condition, the 
same plate will then block 36 volts rms 
and furnish 0.16 amp/sq in. average 
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Fig. 4—Instantaneous voltages 
and currents of a_ half-wave 
rectifier with capacitance load. 
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Fig. 5—Analysis of half-wave 
rectifier with resistance-capaci- 
tance load, 
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Fig. 6—Equivalent areas for partial cy- 
cles. Is. is the average of each of the 
urves A, B and C. 


forward current. The dotted lines are 
the ratings with 90 per cent forward 
and 10 per cent reverse power loss. 
Again, with 0.3 watts/sq in., the 
forward average d-c density is 0.25 


amp/sq in. and the plate will block 
29.5 volts rms in the negative half 
cycle. Operating losses for the same 
typical selenium cell at 90 C, a stand- 
ard reference temperature, are shown 
in Fig. 3. Note that reverse voltages 
are lower and forward currents are 
increased. 

A simple capacitor load on a 
selenium rectifier and the resulting 
instantaneous currents and voltages 
are shown in Fig. 4. Since this is a 
series circuit, 

Cie = Cac — Cs (7) 
As contrasted with equation (1), the 
eae rises nearly to the positive peak 
of €g¢ and remains at a high average 
value. Consequently the voltage across 
the rectifier, e,, is nearly double the 
peak value of the applied e,,. From 
this it is apparent that the blocking 
ability of a rectifier in a capacitor 
load half-wave circuit must be twice 
that of a resistance load circuit with 
the same a-c applied voltage. Capac- 
itor charging current i, appears only 
when the positive applied e,. exceeds 
the ezc. 

Figure 5 depicts the conditions in a 
resistor-capacitor parallel load on a 
half-wave selenium rectifier, a circuit 
of considerable practical application. 
The voltage e, does not go as far 
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negatively as it does in the preceding 
case, but there is a high spike of 
i, during the time that the positive 
€ac is greater than egc. The resistor 
current ig is largely supplied during 
the positive half cycle by the rectifier 
and during the negative half cycle by 
the capacitor. 

With capacitor loads, selenium 
rectifiers must be derated on a cur- 
rent basis. In Fig. 6 the cross-hatched 
rectangle indicates a unit current /;, 
for one cycle, and sine curves having 
equivalent areas for 0.5, 0.25 and 0.1 
cycle are represented as A, B and C 
respectively. For the standard refer- 
ence resistor load, Fig. 1, correspond- 
ing to curve A, the current flows for 
one-half cycle and has a peak of 
3.18 J,-. An equivalent area current 
flowing for one tenth of a cycle, curve 


112 


Fig. 8—Instantaneous voltages 
and currents for a_ half-wave 
rectifier with inductance load. 











Fig. 9 (right)—Analysis of a 


half-wave rectifier with 
tance-capacitance load. 


C, has a peak J,, = 15.9 J;,. Although 
it is true that a forward current flow- 
ing for one tenth of a cycle creates 
rectifier heating for only 10 per cent 
of the time, the power generated re- 
quires that there be a current derating 
of the rectifier for so high a peak. 
Figure 7 is based on a constant 


induc- 


forward loss and shows one standard 
and two derating factors. The hori- 
zontal scale is the conducting time 
from 0.05 to 0.5 complete cycle, since 
the half-wave rectifier maximum is 
0.5. The upper curves show the ratios 
of peak to average current and the 
lower curves compare peaks with those 
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Fig. 11 (left) —Full-wave bridge 
rectifier with resistance-capaci- 
tance load. 


Fig. 12—Full-wave bridge rec- 
tifier with inductance load. 


| 
Fig. 10—Full-wave bridge rec- 
tifier with capacitance load, and 
instantaneous voltages and cur- 
rents, 


of the standard resistance load. For 
instance, if the standard resistance 
load rating is 0.25 amp/sq in. and 
the conduction time is 0.5 cycle, then 
To:/Iee = 05 and I1,/Tesee = 3.18, 
from Fig. 7. If the conduction time is 
0.25 cycle, the peak current may be 
1.85 times as great as with standard 
resistance load for the same forward 
loss. However, using the lower curves, 
a current derating of 20 per cent, 
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that is, 0.8 0.250 0.200 amp/ 
sq in., is required for a 2.2 peak ratio. 
Similarly, a 40 per cent derating is 
required for a 2.7 peak ratio, that is, 
0.60 0.25 = 0.150 amp/sq in. 
The upper curves, Fig. 7, are useful 
for comparing peaks of current with 
average d-c output, the broken lines 
showing 20 per cent and the dot-dash 
lines 40 per cent current derating for 
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Fig. 13 (left) —Full-wave bridge rectifier 
with inductance-capacitance load. 


Fig. 14 
doubler. 


Full-wave center-tap voltage 


the ratio of peak to average d-c out- 
put. Often a 20 per cent derating is 
used for capacitor loads. Under con- 
ditions of low ripple, that is, high 
ratio of d-c average output volts to 
input e,. peak. the derating may be 
10 per cent. 

8 shows a series half-wave 
and inductive load and the 
resulting voltages and currents. Note 
that this inductive load has a short 
time constant, and that the eg, goes 
both positive and negative with a 
slight positive average current i,. The 
negative voltage applied to the rec- 
tifier is only for a short part of the 
cycle, indicating the possibility of 
percentage (dotted 
lines) of forward losses since the re- 
verse voltage is on for less than half 
the cycle. It is always safe to use the 
same rectifier ratings for an inductive 


Figure 
rectifier 


using a higher 


as for a resistive load. 

If a parallel capacitor is added to 
ihe inductive load of Fig. 8 the circuit 
resembles the R-C circuit of Fig. 2 
and the resulting current and voltage 
curves for the L-C circuit, Fig. 9, re- 
semble those for the R-C circuit. In 
Fig. 9 the negative e, is present for 
slightly more than half the cycle and 
€ic does not go negative at all. Note 
alsc: that the maximum negative peak 
e, is about the same as that of the 
resistor load, Fig. 1. Each inductive- 
capacitive load must be considered in- 
dividually. If C greatly exceeds L, the 


capacitor ratings should be employed, 


that is, twice the reverse blocking 
voltage and 0.8 times the current rat- 
ing. If C is much less than L, the re- 
sistor rating is adequate. 
Full-Wave Bridge. For the cir- 
cuits of Figs. 10, 11 and 12 the in- 
stantaneous voltage 
Cac Cx t+ Ces C52 + Cn (8) 
An important inherent characteristic 
of the full-wave bridge is that the 


Halt-wave 
ind d-c common, 


Fig. 15 voliage doubler, 


Fig. 16—Half-wave voltage doubler, capac- 
itor negative, 


maximum applied blocking voltage is 
the peak of e,-. When the top e,, in 
the bridge circuit is positive 
4 C2 = Cs 
and 


low forward drop (9) 


€n = es = high blocking voltage (10) 
When the top eégc is negative, these 
reverse. 

With a capacitor load C, Fig. 10, 
the capacitor current i, has two small 
humps per cycle due to minor circuit 
and capacitor leakage. Though ea, 
may be close to the peak of e,,, there 
is but one peak e,, applied to any one 
arm of the bridge. In the case of the 
common-parallel resistor and capac- 
itor load, Fig. 11, the charging cur- 
rent to the capacitor occurs when eq, 
and again the usual 
current derating is required. Note, 


is less than e,, 


though, that the negative peaks are 
not greater than the negative applied 
€ac. Quite often an inductor is sup- 
plied d-c energy by a circuit such as 
Fig. 12. The eg. may go slightly neg- 
ative, but the average is a large d-c 
positive value. A distinct advantage 
of the full-wave bridge is that the 
alternating current applied is sym- 
metrical and no d-c flows in the a-c 
supply. 

Figure 13 shows curves for a bridge 
circuit with an inductor and paral- 
lel capacitor. often 
never goes 
shows only 
small symmetrical peaks of current. 
If L is greater than C, the rating is 
the same as for a resistance load; if 
L is less than C, there must be a 
current derating. In any case, the 


This is an 


used circuit, where ez, 


below zero and the ig, 
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lig. 17— Instantaneous voltages and cur- 
rent-, half-wave doubler, no load. 


maximum reverse peak voltage is the 
same as the peak of eae. 

Doubler and Tripler Circuits. 
Three of the most useful doubler 
circuits are Figs. 14, 15 and 16. All 
doublers use capacitors to store 
charge during peak rectifier current, 
and to discharge through the load 
when no rectifier current flows. Fig- 
ure 14 is similar to two of the half- 
wave circuits shown in Fig. 3. and 
its currents and voltages are similar 
also. Each rectifier must withstand 
the double peak of e,- because of the 
capacitor C; in addition, it is de- 
rated 20 per cent on current. An op- 
tional link G to X may be used if 
the 2R load is centertapped. This cir- 
cuit is particularly desirable when it 
is necessary to furnish equal voltages 
above and below ground, where G is 
ground. Since the output 2e,, is cen- 
ter-tapped at e,-, the direct current 
flowing in the top half is balanced by 
that in the bottom half of the a-c 
input. The peak voltage with very 
high load resistance 2R will be twice 
the peak of 2e,., with very little 
ripple. 
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Fig. 18—Instantaneous voltages and cur- 
rents, half-wave doubler, resistance load. 


For the circuit of Fig. 15 it is 
customary to use C, = 2C, and Xe 
less than R to get good regulation 
and low ripple. When the bottom of 
€ac is positive, the voltage applied to 
Se, is the sum of e,,- and e,;. Thus the 
voltage e-. = ep is equal to double 
the peak of eg. for no load, R = ~, 
Fig. 17. The reverse voltages applied 
either to Se, or Se, are twice the peak 
of the e,-, Fig. 17, and somewhat re- 
duced for Se, on Fig. 18 for actual 
load R. It is necessary to derate Se, 
by 40 per cent and Se, by 20 per 


Fig. 19—Half-wave voltage tripler. 


cent from the standard resistive cur- 
rent rating. A misconception some- 
times exists regarding the reverse 
voltage applied to Se,. This is only 
the double peak of eg-;, as will be 
from Figs. 17 and 18. It 
should be clear that the peak inverse 
voltage applied to Se, is double that 
of ea. by reference to Fig. 2. The 
maximum voltage applied to Se, can 
only be this same amount, since Se, 
and C, are in series across Se,. 


evident 


Circuit Fig. 15 is useful because of 
its common a-c and d-c lead, prefer- 
ably grounded. The circuit in Fig. 16 
is similar in performance to that 
of Fig. 15 and the curves of Figs. 17 
and 18 apply. Figure 16 differs from 
Fig. 15 in that C, and C, have a 
common d-c negative lead which per- 
mits use of a dual capacitor. In some 
instances a dual output voltage may 
Point Y is the 
“single” voltage output positive with 
the doubled voltage available at the 
positive terminal from Se,. The nega- 
tive lead is common. 


also be required. 


Figure 19 shows a_ half-wave 
tripler with three rectifiers and three 
capacitors. The triple peak of ea¢ 
appears as eg, from G to Y across a 
high resistance load, R. It is good 
practice to use larger capacitors in the 
early stages, as for instance C, = 3C; 
and C, = 2G; 

Half-wave voltage multipliers with 
standard resistance load and consist- 
ing of N stages require a first-stage 
rectifier rated at (0.8) times the total 
current output, (0.8)%~ for the recti- 
fier in the second stage, up to 0.8 for 
the last stage rectifier. For the voltage 
tripler of Fig. 19, Se, is (0.8) = 
0.51, Se, is (0.8)? — 0.64 and Se; 
is 0.8 of the standard current rating. 
On a voltage basis, each half-wave 
multiplier circuit rectifier must with- 
stand double the peak of the applied 
a-c voltage, that is, 2.42 E,- rms. 
Capacitor C,, Fig. 19, has a rating of 
the maximum e,- of the single peak 
of @a¢ (1.41 Ege rms) and capacitors 
C, and C, each have double the peak 
of @ac (2.42 Ea- rms). 

Transients. Selenium, an “area” 
rectifier, is better suited to withstand 
peak currents than the “point” type 
rectifiers such as germanium and 
silicon. Transients are occasional 
conditions of high voltages or high 
currents or both, which change into 
the steady-state conditions of normal 
operating voltages and currents. As 
selenium rectifiers operate immedi- 
ately upon being energized, full out- 
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put voltage is available at once. When 
a tube circuit is the load, the tube 
filaments and heaters have to warm 
up before plate current can flow and 
during this time the applied d-c volt- 
age may be high. In some cases a 
bleeder resistance load of 5 to 10 per 
cent of the operating load current is 
permanently connected. 

Before a circuit with 
capacitors is energized all capacitors 
have zero charge in them. For a few 
cycles after the a-c is applied, larger- 
than-normal current must be supplied 
to each capacitor. This initial current 
may be hundreds of times normal 
since it starts off at a value i = e/R 
where 7 is the instantaneous current, 


rectifier 


e the instantaneous voltage applied, 
and R the series resistance of the 
rectifier and a-c source. An uncharged 
capacitor acts like a short circuit; 
the transient current decreases ex- 
ponentially as the capacitor charges. 
To limit the charging current it is 
desirable to use a low value series 
resistor to limit initial charging cur- 
rent. If a circuit must be turned ON 
and OFF frequently, the series re- 
sistor may be as high as 5 per cent 
of the load R. With selenium, a value 
of 1 to 2 per cent of R is usually suf- 
ficient. All capacitor loads require a 
series resistor of 1 to 5 per cent of 
the load resistance to limit initial 
charging currents. There is little or 
no hazard to the circuit in discon- 
necting a rectifier from a charged 
capacitor since the voltages are nearly 
the same. However, opening the 
capacitor charging circuit will leave 
the capacitor to discharge through the 
load circuit. A parallel bleeder may 
be used to ensure the discharge of the 
capacitor. 

When a steady voltage is applied 
across an inductor. the current 
through the coil builds up exponen- 
tially until it reaches its steady state 
value. In a rectifier supply circuit. 
the coil time constant L/R (henries 
ohms) in seconds may be so short 
that the voltage actually reverses. 
Opening an inductive circuit is likely 
to be dangerous, as the collapsing 
magnetic field forces the current to 
continue, so that a spark or arc may 
appear across the opened contacts. 
The instantaneous voltage generated 
is e = L di/dt, where L is the in- 
ductance in henries, and di/dt the 
rate of decreasing current in amperes 
per second. 

Figure 20 is a full-wave bridge 
rectifier with an inductive load. Two 
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switches are shown. The switch S, in 
the a-c supply circuit should be 
opened, not S, in the d-c circuit. If 
an inductive load must be switched, 
an inductive arc suppressor circuit, 
Fig. 21, should be employed. Across 
the inductive load is a resistor and a 
rectifier connected in the blocking 
direction for the steady d-c power, 
but which functions in the forward 
direction when the switch is opened 
and the coil discharges. 

Duty Cycles and Overloads. 
Any electrical equipment can be over- 
loaded, but the nature of the over- 
load, its degree and duration must be 
considered. Figure 22 has a horizon- 
tal scale from 0.001 to 1000 sec ON, 
with the vertical scale 1 to 100 times 
the standard continuous forward cur- 
rent resistance rating. The hatched 
area, taken from literature of various 
manufacturers of rectifiers, 
shows that for 1 sec of application 


silicon 


the silicon overload current ratings 
range from 1.65 to 7.0 times the 
standard rating. For a similar 1-sec 
period, an aged selenium rectifier can 
take a 60 standard rating. 
These are peak currents, and oscillo- 
scope pictures of current and time are 
needed to be sure of the actual condi- 
tions. Figure 22 does not tell a com- 
plete story, because once an overload 


times 


current has been applied for a speci- 
fied time, the rectifier is heated up 
and requires some recovery time be- 
fore overloads can again be applied. 


rating 


rrent 


\/ Fonge of published data 
on silicon rectifiers 


t;++++ ++ 4 Y 


cu 


Times standard 


Siesta 
000! 00! 


Fig. 20 


her. 


Inductive load on bridge recti- 


Fig. 21—Effect of inductive arc suppres- 
sor circuit. 


Figure 23 gives additional data for 
selenium rectifiers with 
cooling. The horizontal scale shows 
maximum ON times from 1 to 400 
sec. Numbers in circles along the 


convection 


curve show the ratio of minimum 
OFF time to maximum ON time. The 
minimum OFF time is on the upper 


Max. seconds on 


9 


Fig. 2 


Overload ratings of semiconductor rectifiers. 


ELECTRICAL MANUFACTURING 





Minimum time off, sec 
200 190 180 


150 


110 


Conversion efficiency, Py. /P, 








Output volts Eg, average (Ege= 120 volts rms) 
5 : 


} 





Fig. 24 


ana 





Moximum time on, 


characteristics, 
selenium rectifiers. 


Fig. 23—Overload 
vection-cooled 


con- 


scale. For example, with 8 times 
standard current applied (left scale) 
for a maximum of 19 sec (bottom 
scale), the OFF time (upper scale) 
should be a minimum of 190 sec. 

It will be seen from Fig. 23 that 
selenium is relatively insensitive to 
overcurrent conditions which result 
from transients, since these usually 
die out in a few seconds, and then 
the steady state ratings will apply. 

The usual published figures for 
rectifier circuits indicate ripple fac- 
tors of 125 per cent for a half-wave 
resistance load, and 52 per cent for 
a full-wave bridge. These ripple fac- 
tors are too high to be useful for 
d-c applications and _ filtered 
outputs are needed, 


\ (Evme/Ees)* - 
which can be multiplied by 100 for 
a per cent value. 


many 


Ripple factor 1 (11) 


\ second item of practical interest 
is conversion efficiency. This is the 
d-c power (d-c average output am- 
peres d-c average output volts) 
divided by the a-c input to the recti- 
fier, measured with an a-c dynamom- 
eter wattmeter. 

Conversion efficiency = 

Tae X Eae 
Bia: Bea % power factor (12) 

Design Data. Single-phase se- 
lenium rectifier design curves are 
shown in Fig. 24, It is not generally 
recognized that the ripple factor is 
almost the same for a given output 
d-c voltage whether the circuit is 
full-wave bridge or half-wave. Of 
course a half-wave rectifier is char- 
acterized by 60-cycle ripple and a full- 
wave bridge by 120-cycle ripple when 
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100 200 400 


Fig. 25 


ig0 200 


60 


Ripple and conversion efficiency, sin- 
gle-phase half-wave bridge selenium rectifiers. 


(below)—Ripple and conversion effi- 


ciency, single phase half- and full-wave doublers. 


Foll-wove 7. a. oe a 
doubler 


Conversion efficiency, percent 





Half-wave 
doubler 


e 
80 


doubler 


APE IO LENE SO ELE IIL GA LELAND, LUE LEI ETN DE GELS SLES PE LEP LES ELLEN ALLEN LEONE EEA, 


operated from a 60-cycle source. The 
left vertical scale, Fig. 24, is Ea. aver- 
age output with a 120-volt rms Eoge 
input. Points indicated by circled fig- 
ures along each curve are the ratios 
of peak current to the average /,, 
output. 

For example, for 20 per cent output 
a half-wave rectifier requires a capac- 
itor of 190 mf per d-c output amp; 
the peak direct current would be 11 
times the average and the output volt- 
age would be 120 times the average 
d-c. From Fig. 7 (right), the con- 
duction time is approximately 6.15 
and therefore, from Fig. 7 (left), the 
rectifier should be derated 30 per 
cent from the standard d-c value. On 
Fig. 24 the full-wave bridge curve at 


20 per cent ripple can also be sup- 
plied for 120 volts Ea. with a peak 
ratio of 6 and the required capacitor 
is only 70 mf per amp d-c. From Fig. 
7 (right), the conduction time is 
about 0.15 and with a peak ratio of 
6, Fig. 7 (left), shows that no derat- 
ing is necessary. At the top of Fig. 24 
are the conversion efficiencies. At the 
20 per cent ripple point, with 120 
volts Ege, these are 83 per cent for the . 
half-wave rectifier and 86 per cent 
for the full-wave bridge. 

Figure 25 shows doubler charac- 
teristics with the same significances 
for the coordinates as in Fig. 5, for 
Euc = 120 volts rms. For the half- 
wave doublers the (60-cycle) ripple 
of 10 per cent requires 160 mf per 
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Fig. 27—Forward current densities, con- 
vection-cooled half-wave rectifiers with 
load. Ratings against stack 
size and cell size for 15-, 26-, 36- and 
45-volt selenium cells. 


resistance 


amp d-c output, giving 235 volts d-c 
average and 83 per cent conversion 
efficiency. The doubler 
shows more ripple (120 cycles) at 
d-c output voltages greater than 190, 


but less ripple for lower voltages than 


full-wave 


the half-wave doubler. This is partly 
due to the use of similar capacitors 
in the full-wave circuit, whereas the 
half-wave doubler employs C 2C 
Filters. For load currents in gen- 
eral less than 0.5 amp, the use of a 
series resistor and a parallel capac- 
itor to reduce ripple is practical. For 
120-cycle ripple, Fig. 26 gives values 


of C & R;, and corresponding ripple 
reduction factors. For 60-cycle ripple, 
the C  R, values should be doubled 


to obtain the same reduction in ripple. 


The left coordinate is the ripple re- 
duction factor, from 1 to 0.01, and 
the horizontal scale shows C ~~ R,; 
values from 300 to 50,000 (mf 
ohms). A band shows the experi- 
mental curves derived for R; = R,/ 
10 to Ry; = R,/2, where R; is the 
filter resistor and R,, the d-c load in 
ohms, that is, representing a loss of 
d-c output voltage, in the filter re- 
sisior, of 10 to 50 per cent. If a 10 
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300 


4 
410 


50,000 


Ca Re ,mf- ohms 


Fig. 26 


Fig. 28—Conventional symbol 


phase rectifiers. 


per cent ripple is to be reduced to 
1 per cent, for instance, the ripple 
reduction factor would be 0.1 on the 
left scale, Fig. 26. This corresponds 
toaC X R, range of 7500 to 10,000. 
This means that a capacitor of 500 mf 
together with a filter resistor of 150 
to 200 ohms will be adequate. 
Construction and Ratings. When 
several cells are. used to make a 
selenium stack, there is mutual heat- 


Ripple reduction obtained with R-C 


and graphic: 


filters. 


il designation system, one-bolt single- 


ing of the cells during operation and 
a reduced forward current rating is 
needed when more than & cells are in 
the stack, Fig. 27. From 1 to 8 cells 
having 0.6 sq in. active area the rat- 
ing is 0.25 amp/ sq in. for a 26-volt 
reverse cell and 0.20 amp/sq in. for 
a 26-volt reverse cell of 10 sq in. ac- 
tive area. It will be seen that higher 
blocking voltages require reduced 
forward currents. The high forward 
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Cell sizes ,in 
Convection | Forced air 
cooled cooled 


4x4 


(Not used below 4x4) 


Number of 
cells in stack 


Fig. 29—Nomogram for estimating approximate 
lengths of multi-cell selenium rectifier stacks. 


density 15-volt cells of 10 sq in., 1 
to 8 in a stack, have nearly 0.400 
amp/sq in. The above data apply to 
convection cooling, half-wave resist- 
ance load. 

The conventivnal scheme for desig- 
nating rectifier stocks consists of a 
series of four characters, Fig. 28. The 
first is the number of separate recti- 
fying arms, the second is the number 
of cells in series per arm, the third is 
the number of cells in parallel per 
arm and the fourth is a letter indi- 
cating the specific circuit. It should 
be noted that in Fig. 28 a single ar- 
row designates a single cell; in all 
other figures, and in circuits gen- 
erally, it is customary for a single 
arrow to indicate a rectifier with no 
significance as to the number of cells. 

By experience, the optimum spac- 
ing of cells has been determined, and 
the nomogram of Fig. 29 shows the 
relation of cells in a stack (center 
scale) with the approximate stack 
lengths (right hand scale) for con- 
vection cooling (left side of left hand 
scale). For example, a rectifier using 
2x2 cells, convection cooled, with 20 
cells in the stack, will be 5 in. long. 
The length is approximate, since it 
does not include insulation at the 
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ends, or additionai terminals as re- 
quired. 
Reverse Voltage. The number 
of cells required in series per arm is 
a direct function of the applied volt- 
age and the cell reverse voltage rat- 
ing. In general, the voltage rating of 
a cell is expressed in rms terms; if the 
reverse voltage is not a sine wave, 
the rating must be adjusted accord- 
ingly. A “*36-volt cell,” for instance, 
will block a 36-volt sine wave having 
a peak of 36 1.4) == 5) eons 
With a half-wave capacitor load, for 
instance, and E,, 120 volts rms, 
26-volt cells require 240/26 = 
9.2 in series 

36-volt cells require 240/36 
6.7 in series 

45-volt cells require 240/45 
5.3 in series 

In practice, since the full double 
peak is not applied because of circuit 
losses, these cell requirements are 
usually rounded off, downward, so 
that 9 of 26-volt, 6 of 36-volt and 5 of 
45-volt cells are customary for 120- 


Approximate 
stack length, in 


2 





volt capacitor load half-wave recti- 
fiers. 

Fan cooling is sometimes used 
for single phase application for 
cells 4 x 4 in. and 
Fig. 29 right hand scale of left hand 
column). As might be expected, the 
spacing must be closer to get the 
proper turbulent flow, and the 4 x 4 
spacing for forced air is the same as 


larger (see 


the 2 x 2 spacing for convection 
cooled rectifiers so that 20 cells of 
4 x 4 will comprise a stack about 5 
in. long for fan-cooled units. The 
increase in rating ranges from 2.5 to 
1.9 times the convection rating for 
500 ft/min air. For example, a 10- 
sq in. rectifier, 1 to 8 in a stack, Fig. 
10, with 0.175 amp/sq in. can be in- 
creased to 0.175 XK 2.5 = 0.438 
amp/sq in. for 500 ft/sec air flow. 
The smaller factor 1.9 applies only 
to the largest 12 & 16 plates. OOO 
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Automatic Positioning 


Fig. 1 — 


“Fosmatic” Jig 
Borer, with tape reader and 
control panel for automatic 
control at right. 


with 
Punched 
Tape 
ontrol 


In the “Fosmatic” Jig Borer the accurate positioning of the table and saddle is accom- 


plished simply and automatically by open-loop servos which stack end measures in a 


line in response to input signals from punched tape. A memory system permits reading 


of one position while the preceding machining operation is being performed. A decimal 


code is used throughout with positioning within =0.0001 inch possible. 


SIMPLE, AUTOMATIC POSITIONING with an accuracy of 
0.0001 in. has been achieved in the Fosdick Machine 
Tool Company's “Fosmatic” Jig Borer through use of 
punched tape numerical control.* The vertical boring 
machine with tape reader and control panel are shown in 
Fig. 1. The numerical control accomplishes the changing 
of feeds and speeds and coordinate movements of the 
table and saddle. One feature which makes possible the 
unique simplicity and accuracy of the machine is the 
direct dimension-measuring system which utilizes con- 
ventional gage rods automatically placed for rapid posi- 
tioning of the table and saddle. The positioning system 
involves the use of a servo motor and independent electric 
clutches for laying down the end measures and fast and 
slow drives for the table and saddle lead screws to zero 
the slides against the gage rods. 

Numerical Control System. The control system, 
shown in block diagram in Fig. 2, consists essentially 
of the tape reader and decoding relays, a checking sys- 
tem, memory switches, and dial drive mechanisms for 
positioning the gage rods. Information for the speed 
and feed functions is fed directly from the memory 
storage units to the machine control panel. 

The tape for the Fosmatic is punched on a standard 
Commercial Controls Flexowriter (Friden) Model FPC 8. 


*See also “Card Control of Boring Machine Includes Tool Selection,’”’ Evectrican 
Manuracrurinc, April 1957, p 94 
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Information to be punched into the tape is obtained from 
parts drawings and one reading consists of 19 bits of 
information. A straight binary code is used with the 
channels of the tape designated as shown in Fig. 3. 

To set up numerals 0 through 9. combinations of holes 


in channels 0. CH, 8, 4, 2, and 1 are used as follows: 


Numeral Holes in channel 
0 0 
] 
2 


2, CH 


4, CH 


2 

1 

, 4, CH 
4. 
2,4 


¢ 
< 
« 
« 


1, 8, CH 


To set up letters A through D, combinations of holes 
in channels X, O, CH, 4, 2 and 1 are used: 


Letter Holes in channel 


A mz, 0) 1 
B x6. 2 
ce ott. 2 i 
D X, 0, 4 
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The 19 bits of information presented in one reading 
are in the order given in the code sequence table. For 
purposes of illustration, the machine discussed in this 
article is assumed to have a table motion limit of 50 in. 
and a saddle motion limit of 23 in. A punch in the EL 
channel of the tape indicates spacing and causes the 
reader to go to the next line or bit. Thus, when the tape 
is first put in the reader, the first code to be read is 
either an EL or an A. 

Reading and Memory Circuits. The basic circuit 
of the tape reader is shown at the left in Fig. 4. As the 
contacts marked 1, 2, 4, 8 and CH either open or close 
according to the code punched in the tape, one of the 
decoding relays in the group from ICR through 9CR 
is energized. For instance, if the number desired is 6, 
contacts 2, 4 and CH are closed and relay 6CR is en- 
ergized. At the upper left in Fig. 4 are additional contacts 
in the tape reader which are used in the checking func- 
tion to be described later. Three of these extra contacts, 
however, also energize decoding relays. These are relays 
ISCR, 16CR and 17CR, energized by contacts for X, 0 
and CH respectively. 


Code Sequence for Punched Tape Used 

in Control of Jig Borer 

————$—$ 
Bit | Code | 


Remarks 
beginning of table information 
10-in. table setting (50 in. max) 
1-in. table setting 
0.1-in. table setting 
0.01-in. table setting 
0.001-in. table setting 
0.0001-in. table setting 


beginning of saddle information 

10-in. saddle setting (23 in. max) 

1-in. saddle setting (3 in. max if 10-in. is 2) 
0.1-in. saddle setting 

0.01-in. saddle setting 

0.001-in. saddle setting 

0.0001-in. saddle setting 


‘ ‘ 
woowwwn 


oO 


beginning of speed and feed information 
0 for 30 or 60 rpm 

1 for 45 or 90 rpm 

2 for 120 or 240 rpm 

3 for 150 or 295 rpm 

4 for 180 or 360 rpm 

5 for 225 or 460 rpm 

6 for 600 or 1200 rpm 
7 for 900 or 1800 rpm 
0 for high speed range 
1 for low speed range 


0 for 0.0005 
1 for 0.0008 
2 for 0.0012 
3 for 0.0019 
4 for 0.0028 
5 for 0.0040 
6 for 0.0070 
7 for 0.0100 
19 | | end of reading 


° 
' 
N 
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(Tape advance) Table able dial 
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Drive motor 
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i Stepping 
; switch 


Tape advance 


Fig. 2—Block diagram of punched tape control system. Arrows 
indicate either transfer of information or lines of control. 


The transferral of the decoded information from the 
reader to the machine is accomplished by memory 
switches. One level of one of these stepping switches 
(2SR) is shown in Fig. 4. This particular switch has 
been chosen for the example because it is the 1-in. 
switch for the table drive and accepts any one of the 
10 digits, whereas some of the other functions have a 
limitation on the maximum digit which can be accepted. 

Through the action of a sequence stepping circuit to 
be described later, switch 2SR moves from its “off” 
position to the first active contact when it is time to 
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Fig. 3—Punched tape used in jig borer control has eight chan- 
nels designated as shown. 
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Fig. 4—Schematic diagram of circuits of tape reader, memory 
switch and reading checker. Various switches and interlocking 
relays for starting, stopping and safety purposes have been 
omitted for simplification. 


store information. When the switch is in the off position, 
the energizing of the actuator is accomplished by the 
double-bladed wiper. Having reached position 1, the 
switch continues to step due to the connection to the 
power supply through the normally closed contacts of 
16CR (for zero) and 1CR through 9CR. When the switch 
encounters one of the relays whose contact is open, how- 
ever, it stops stepping and keeps its position until it is 
time for the information to be taken off by the dial drive. 

Figure 5 shows the memory checking and sequence 
stepping switches. It will be noticed in Fig. 4 that, at the 
same time the memory switch encounters an open, nor- 
mally closed contact to disconnect it from its power 
supply, it also encounters a closed contact which makes 
connection to the negative side of the V,; supply. This 
connection, through section B of 3SR (shown in Fig. 5), 
energizes the reading correct relay 20CR. 

Thus, assuming that relays 1OCR through 14CR (the 
code checking relays to be described later) are energized, 
the relay 21CR shown at the bottom of Fig. 5 is energized. 
The operation of 21CR causes a clutch in the reader to 
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Fig. 6—Table of jig borer with cover plates removed to show where gage rods are lined up to indicate position and insides 


of dial drive and indicator units. 


allow the reader to move to the next code and also ener- 
gizes the sequence stepping switch 3SR so that the latter 
advances to the next position to energize the next memory 
switch. The sequence stepping switch is shown in Fig. 5 
in the “off” position. It is energized to move to the first 
active position by the EL contacts in the tape reader. 

When the sequence stepping switch reaches its final 
position, and if relays 1SCR, 16CR and 4CR (the X-0-4 
code for D, the last code on the tape) are energized, 
relay 19CR is energized. Relay 19CR has various func- 
tions, including signaling to the operator and the machine 
that the reading is complete. It also energizes the reader 
clutch to drive the reader to the next group of codes and 
return the sequence stepping relay to the off position. 

Code Checking. Stepping switch 1SR shown in Fig. 4 
functions to check the correctness of the code figure 
which is entered on the memory switches. Switch 1SR 
has a position for each of the numerals from 1 through 
9 plus 0 and the four letters A, B, C and D. At the be- 
ginning of a reading cycle, the actuator of 1SR is ener- 
gized from the V»o supply by a relay whose coil is not 
shown here. (See section A of 1SR.) The switch steps 
to the first active position and is energized again through 
a normally closed contact of 1CR, unless 1CR is ener- 
gized. Assuming for the moment that it is not and that 
the number called for is 6, then LSR will continue to 
step from position to position until it reaches number 
6 and the open, normally closed contact of 6CR. The 
V» supply is thus interrupted and the switch comes to a 
stop. At the same time, however, a closed, normally open 
contact of 6CR connects the V, supply to 1SR and relay 
18CR is energized. 

Relay 18CR acts to energize relays 10CR through 
14CR, which are in the circuits of sections B through F 
of 1SR. It can be seen that, if 1SR is in the position for 
reading the numeral 6 and if the reader auxiliary con- 
tacts in the upper left corner of Fig. 4 are properly 


Surfoce of table 


actuated, all of the relays in the group 1LOCR through 
14CR will be energized. The normally open contacts of 
these relays are in the reader clutch relay circuit shown 
in Fig. 5. 

The checking function has thus been accomplished 
since, if the proper reading relay (1CR through 9CR) 
has not been energized, relay 18CR is not energized 
at the same time that the circuits through the checking 
switches are completed by the reader auxiliary contacts. 
The checking circuits for the letter codes operate similarly 
to those for the numbers except that the various com- 
binations of the X and 0 codes with the numerals com- 
plicate the relay contact configuration slightly. 

One special instance involved in the checking function 
is that occurring for the letter A designating the beginning 


Fig. 7—Dial drive and indicator units showing commutators and 
clutches with dial drive servo motor at right. 


Fig. 8—Example of gage rods in line to position table. 
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Fig. 9—Sectional view of indicator unit showing plungers and limit switches. 
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of a reading. In this case the checking relays are all 
energized and the reader clutch relay in Fig. 5 is ener- 
gized through their contacts, the contacts of 15CR, 
16CR, and 1CR (the X-0-1 code for A) and the normally 
closed contacts of every memory switch. The latter 
arrangement insures that no reading can begin until 
all previous ones have been cleared from memory 
switches and they have returned to their off positions. 

When the reading of one block of information is com- 
plete, the operator presses a start button which begins 
the automatic operation of transferring the positioning 
information from the memory switches to the dial drive 
mechanism. After the information has been used and at 
the instant the machine starts into position, the memory 
automatically clears and the reader starts filling the 
memory with the next block of information while the 
machining operation is in process, 

Dial Drive Controls. The direct dimension-measur- 
ing system, which is standard on the Fosdick No. 44P 
and 54P Jig Borers, uses Grade A end gages to make 
each measurement. Using the table operation as an ex- 
there are ten 
gages of length from 1 to 10 in. mounted in a rotating 
turret fastened to the table itself; and there are four 
similar turrets carrying gage rods to measure tenths, 
hundredths, thousandths and ten thousandths. The 10-in. 
gages and the l-in. gage turret may be seen in Fig. 6. 

Assuming that the table is at the 00.0000 position when 
the start button is pushed and that the memory is calling 
for a dimension of 45.3125 in., the first automatic opera- 
tion is for the table to move to the extreme left, where it 
strikes a stationing switch which permits a maximum 
setting between 40 and 49.999 in. When this point is 
reached, the dial drive motor starts. 

In the dial drive unit (Fig. 7) are six disk commu- 
tators. From the memory switches, one segment corres- 
ponding to the proper measurement on each commutator 
is connected to the supply voltage. Making contact with 
each commutator is a brush mounted on a plastic laminate 
gear which is rotated by the dial drive servo motor. As 
the brushes are rotated over the commutator surfaces, the 
“hot” segment on each commutator is contacted and a 
circuit is completed to put the proper gage into position. 
(This action will be covered more fully in the descrip- 
tion of the electrical circuits involved). When all gages 
are properly placed, the table begins to move to the right 
to take up the slack between the gages. Figure 8 shows a 


BC 


ample: there are four gages 10 in. long: 


typical arrangement of the gages in position for a ma- 
chining operation. Due to the relative location of the 
dial drive unit, a spacer must be used between the 10-in. 
gages and the 0.1-in. gages. 

Figure 9 is a view of the inside of the dial indicator 
and limit switch unit which is located just to the right 
of the dial drive unit. As the table approaches the selected 
position (as determined by the tape code and the gages), 
it is being driven by a high-speed traverse motor through 
a lead screw. When all of the gages are touching, they 
press against plunger 1, Fig. 9. Limit switch LSI de- 
energizes the traverse motor and energizes a slower speed 
positioning motor. The table then continues to drive at 
0.415 in. per minute, depressing the plunger farther until 
plunger 2 is hit. Limit switch LS2 then operates to re- 
verse the direction of the positioning motor and back it 
off approximately ten turns to relieve the stresses in 
the lead screw. The table is now positioned to within 
+0.0001 in. of the desired location. A dial indicator on 
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Fig. 11—Feed drive gear box removed from machine. Electric 
clutches change gear ratios to provide eight different feed 
setlings. 


top of the unit indicates the accuracy of the position. The 
11:1 lever arm which operates LS2 permits positioning 
to accuracies not inherent in the precision snap-action 
limit switch. 

The stationing switches mentioned in conjunction with 
the backoff of the table are spaced at 10-in. intervals. 
This makes possible minimum movements when the di- 
mension is increasing. When the dimension is decreasing, 
the table moves back approximately 114 in. The opera- 
tion of the saddle dial drive and limit units are identical 
to that of the table units. 

Positioning Circuits. The circuits which take the in- 
formation stored in the memory switches and transfer 
it to the dial drive unit to position the table are shown 
schematically in Fig. 10. Section B of memory switch 
2SR functions in connection with the stationing switches 
to back off the table in order that the gages for a new 
position may be put in place. It can be seen from Fig. 6 
that, as the table moves from right to left or from 0 to 
40 in., the switches are successively closed until one is 
reached that is connected to the power supply through 
the memory switch. Relay 107CR is then de-energized 
to stop the table drive motor. At the same time, relay 
LO8CR is energized to energize (dis-engage) the 10-in. 
forward clutch and the 1-in. clutch, as shown at the 
bottom of Fig. 10. The 10-in. increment dial now turns 
back to a point slightly past zero, raising all of the 10-in. 
gages out of the gage line. As the dial goes past zero, 
relay LOOCR is energized, reversing the clutch action on 
the 10-in. dial and engaging the clutch on the 1-in. dial. 
Both increment dials then rotate to their new position, 
stopping when the circuit is made through the commu- 
tator segment. The decimal dial units operate in a similar 
manner. When all clutches are energized (dis-engaged). 
the proper gages are in line to give the correct position 
of the table. 

As each dial unit reaches the energized segment on the 
commutator, relays 10LCR through 106CR are energized, 
completing a circuit to energize relay 110CR. This starts 
the machining operation and sends a signal to the reader 
to clear the memory and return all memory switches to 
the off position. At the completion of the clearing opera- 
tion, the reader immediately starts reading and memoriz- 
ing a new code. 

Saddle positioning information is transferred to the 
saddle in the same manner as the table positioning in- 
formation. 

(Continued on page 139) 





Synthetic-Fiber 
and Wool Felts 


Their Design Characteristics and Uses 


Difficult design problems in electrically 
energized equipment are being solved by 


incorporation of natural-wool, synthetic- 


fiber and composite felts into the engineer- 


ing of systems and components. Physical 
and chemical data charts and curves are 


presented. 


T. J. GILLICK, JR.. Chairman, Technical Advisory Group 
Tue Fert Association, New York, N. Y. 


SYNTHETIC, METALLIC AND NATURAL WOOL FIBERS in com- 
bination with each other, in combination with other 
materials, or as separate entities, have given rise to a 
new class of engineering materials. This new class of 
materials may be tailor-made to suit a great number of 
design applications over a wide range of conditions. 

Felt materials are being used today, as in the past, 
for both static and dynamic applications in the design 
of electrically energized equipment. Today’s equipment 
and systems, often exposed to high heats and compressive 
loads, are utilizing these materials to a progressively 
greater degree. 

Uses of felt materials as seals, wicks, shock absorbers, 


Definition: Felt is a fabric built up by the 
interlocking of fibers through a suitable combina- 
tion of mechanical work, chemical action, moisture 
and heat; without spinning, weaving or knitting. 
Felt may consist of one or more classes of fibers. 
Wool felt may consist of wool, reprocessed wool 
and reused wool, with or without an admixture of 
animal, vegetable and synthetic fibers. 
—The Felt Association 


acoustical dampers, spacers, filters, thermal insulators, 
abrasion and friction retarders, optical and thermal re- 
flectors, electrically conductive devices or as dielectrics 
are already known and integrated with engineering 
design. 

Fabricated parts made of felted materials may be in- 
tegral to a complex computing mechanism, an electric 
clothes dryer, an electric motor system, or an electronic 
heating range. Table I illustrates some current and pro- 
jected uses and functions for different types of felt ma- 
terials. 


Wool Felt 


The inherent dynamic qualities of wool felt have helped 
it expand into an increased number of design applica- 
tons. Performance and service characteristics have been 
so broadened through impregnations, laminations, coat- 
ings and combination of many materials that the levels of 
operation: of felt under extreme conditions have been 
enhanced to such a degree as to be classified a new 
material of design. 

The naturally fibrous surface of felt (Fig. 1) readily 
adapts itself to adhesive bonding with almost all types 
of materials including metals, glass, rubber, fabrics and 
plastics. In addition, wool felt may be treated to create 
products with superior properties for specific design 
applications. Table Il summarizes some treatments of 
wool felt and their special applications. These materials 
provide abrasion and friction resistance, high temperature 
sealings, dry and wet porosity, plastics laminates rein- 
forcement and overlays for plastics laminates. 

Mechanics of Felting. The natural felting process 
itself is one of the inherent properties of wool, inducing 
movement of individual fibers throughout a complex 
mass by utilizing the natural crimping and interlocking 
characteristics of the wool fiber. In virgin wool, the inner 
core of the fiber is in a stretched condition supported 
by the outer cortex. It might be compared to a stretched 
rubber band coated with sufficient cellulose acetate to 
support it in the stretched condition. With heat, moisture, 
and lubricating and swelling agents such as soaps and 
alkalis, the outer supporting layer becomes plastic, thus 
releasing the elastic core and causing lengthwise con- 
traction. Because of the uneven forces, the fiber does not 
contract in a straight line but, much like a bimetallic 
strip, tends to curl in a tangled mass. The entanglement 
of many such fibers results in the phenomenon known as 
shrinkage or felting. 
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Because wool felt is constructed of animal fibers in 
their natural state, it is an entity distinct from those 
materials produced by methods of molecular construc- 
lion or polymerization. The properties of wool felt and 
the many uses to which it lends itself are the natural 
properties of the wool itself, adapted and improved by 
fiber blending and felt processing. 

Properties. Wool telt is available in an adaptable 
range of densities from extremely soft to that of the 
consistency of wood. It is resilient, durable and will not 
ravel, shred or fray when cut. These are some of the 
innate characteristics of felt which have kept it high on 


the list of natural materials for use in product design. 
Wool is a nonconductor of electricity. As such it has 


found uses where dielectric properties are indicated as 


Fig. 


1—Photomicrograph of a typical felt surface 
SAE FI, 


(Grade 
X15). 


Table I—Applications and Types of Felt Materials in Electrically Energized Products 


Product group 
Motors 


Air conditioning equip- 
ment 


Laboratory instruments 


Communication equip- 
ment 


Computers 


Machine teois 


Vacuum cleaners 
Clothes dryers 


Phonographs 


Business machines 


Automatic telegraph 
equipment 


Chemical process equip- 
ment (mixers, separa- 
tors, etc.) 


Printed circuits 


Storage batteries 


*Orlon—E. 


| Wool, 


Type of felt* 


| Wool, 
| Dynel 


Orlon, Dacron, 


Wool, wool and kapok, 
| Acetate and Viscose, 
Vinyon and Viscose 


| Wool, Acetate and misc. 
fibers, Vinyon and 
misc. fibers 


Wool 


Wool, wool and kapok, 
Dacron 


Wool 


Wool, wool and kapok, 
wool and silk. Acetate 
and Viscose, Orion, 

| Dacron, Nylon, Acri- 
lan, Arnel 


Wool 


| Wool, wool and Hycar- 
latex 


| Wool, woo! and kapok 
| 

Orion, Dacron, | 
Nylon 


| Wool 


| Wool and graphite 


eamnencel 


Wool 2 and rubber 


Wool, wool ‘and silk, 
Orlon, Acrilan, Dacron, | 
i Nylon, Arnel 


Dacron 


Vinyon and Viscose 


| Washers 





I. du Pont de Nemours and Co. (acrylic fiber) 


Dacron—E. I. du Pont de Nemours and Co. (polyester fiber) 
Dynel—Union Carbide Chemicals Co. (acrylic fiber) 
Vinyon—American Viscose Corp. (vinyl chloride—vinyl acetate fiber) 
Acrilan—Chemstrand Corp. (acrylic fiber) 
Arnel—Celanese Corporation of America (triacetate fiber) 


Hycar—B. F. Goodrich Chemical Co. 


APRIL 1958 


(nitrile rubber latex) 


Application 


| Wicking and sealing 


Sealing and pad-mount- 


ing 


| Filtration 


Pads and separators 


Seals and separators 


| Pads, liners, seals 


| Pads, wicks, washers 


| Washer, filler 


Sealing 
Liner under turntable, 


shock mounting 


Seals, pads, washers 


| Wicks and seals. 


Internal and external vibration and shock isolation 
external vibration and | 


Function 


Lubrication; protection of contacts against dust, grit 


| moisture 


Gaskets and pads for silencing ducts; acoustical and 
electrical insulation of motors and blowers 


To filter out foreign matter during operation 


To give closer and more , accurate readings through 
mechanical and electrical insulation 


Thermal and acoustical insulation 


shock “absorption; thermal, 


Mechanical acoustical 


| and electrical insulation 


Shock ‘absorption and acoustical damping. lubrication 


of shafts and ball bearings 


Fills spaces between windings ‘and commutator on 


armature; electrical insulation 


Keeps hot, moist air in the exhaust duct 





| Vibration isolation ‘and thermacoustical damping; 


lubrication 


Lubrication; gasketing for metal to metal retention 








Backings 


Pads, washers 


Structural base 


Seals, liners 


Abrasion resistance 





"Shock absorption 





‘Acoustical and mechanical damping; resistance to 
chemicals in structural design and spacing 


Base for copper plating necessary to circuit etching 


Battery separator 





Table ll—Wool Felt Treatments and Related Design 


Applications 


Sse 


Treatment 


Chromate 
impregnation 


Graphite 
impregnation 


Natural and syn- | 


thetic rubber 
impregnation 


Phosphates, 


ammonium 
sulfamate 


Dihydroxydi- 


chlorodiphenyl- | 


menthane 


Natural and syn- 


thetic rubber | 


laminations 


Aluminum or 
lead foil lamin- 
ations 


Latex coatings 


Added property | 


Corrosion re- | 
sistance, flame | 


resistance 


Lubrication 


ing and 


strengthening 


Flame resist- 
tance 


| Fungus 
ance and im- 
pregnations 


| Waterproofing 
and rigidity 


| 


| Properties of 
| the metal 


Reinforcement | 


and anti-skid 


Flexible stiffen- | 


resist- | 


Applications 


Gaskets for refrigerants 
and heat exchangers; 
seal for dissimilar metal 
insulation 


| Anti-friction lubricating 


pads, washers and seals 


Backing and 
for plastics 
materials 


cushioning 
and rigid 


Clothes dryer seals 


Funginert; acoustical and 
thermal insulation 


Seals and washers 


Optical, acoustical and 
thermal insulation 


Electric motor and fan 
bases 


Table Hli—Elapsed Time for 75 Per Cent Loss in 
Tensile Strength of Felt at Elevated Temperatures 


Condition of felt 
Temperature, | 


With moisture regain, hr 
deg F | | (70 F and 65 per cent RH) 


Dry, hr 





250 
275 
300 


4 2400 
1200 
408 


3600 
1704 
672 


part of design, such as separators, washers, seals and 
liners. The Hoover Company uses felt washers in vacuum 
cleaner armature assemblies between the windings and 
the commutator, and to support leads connected to the 
commutator as shown in Fig. 2. The resiliency of felt 
and its ability to be easily shaped are among its im- 
portant design advantages. 

The marked degree of retention of basic properties 
under stress-strain conditions makes wool felt a valuable 
material of design where such conditions exist. Felt 
under tension develops a progressive reaction which ac- 
counts for its resistance to increased loads and its rela- 
tively high range of elongation before rupture; 
result felt is well adapted to form-shaping by stretching 
or molding, as in the reinforcement of molded plastics 
and rubber products. 


as a 


On the basis of felt construction. only a small propor- 
tion of the fibers would normally be under 
initial tension. As load interlocked 
fibers lying at an angle to the direction of force will be 
pulled into line and tensed. This action adds further 


stressed 


more is applied, 


elongation while previously tensed fibers are drawn to- 
gether, increasing resistance. The net effect is that, as the 
load is increased, an increase in resistance develops and 
any further elongation progresses to the point of rupture. 
The influence of felt densities on tensile strength is re- 
flected in the curves shown in Fig. 3. 

When a steadily increased compressive load is applied 
to felt in even stages, the thickness is progressively re- 
duced. The ratio of deformation to the load is almost 


linear throughout the range. As the load is increased, the 


Fig. 2—Cross section of armature utilizing dielectric and re- 


silient properties of felt. Courtesy Hoover Co 


Table 1V—Supplementary Engineering Data on SAE Grade Felts 


Thermal* 
conductivity 
K-factor 
(1 in. felt) 


Abrasion wear 
felt to felt 
10,000 rubs/8 in. 
stroke 


SAE 
spec. 
no. 


Oil absorption and capillary flow 
SAE No. 20 oil at 70 F 


Coefficient of 
static friction 


Per cent decrease 
in thickness at 
stated loads in 

0z/sq in. 


24 hr 
absorption 


Wicking rate 
in./min. lapsed time 


Felt against 


Per cent 
weight 5 30 | 60 
increase 


7.0 | 10.2 Oiled 


Wood Glass | Metal) metal 


37 
'37 
37 


-26 
-26 
26 


185 
265 
320 
570 


22 | .18 
22 | .18 
22 | .18 


*Thermal and acoustical felts blended with kapok fiber have tested values of 0.2] K factor and 0.80 sound-absorption coefficient at 512 thicknesses of 


3.2 lb per #q yd weight. 
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per cent 


strength retained 


0.3 C 


In. per in 


Fig. 3—Tensile stre 


rate of deformation gradually decreases until, under very 
heavy loads, compression again approaches a constant 
proportion to increased load. A relatively large increase 
in the load thereafter produces only a small increase in 
deformation. The deformation expressed as a percentage 
of initial felt thickness is directly related to density. 

The values observed in Fig. 4 show that wool felt is 
naturally adapted to load bearing in compression. It does 
not crumble or flow and exhibits a relatively low com- 
pression set. even at the maximum loads applied. The 
high degree of compressibility and resiliency of low- 
density felts under light loads explains their adaptability 
to cushioning and padding design applications. Where 
high load-bearing capacity is required, the higher-density 
felts with their low compression-set deformation charac- 


teristics are well suited for design considerations. 
Thermal stability of wool felt at high temperatures 


has become an essential consideration in the design of 
increasing numbers and types of equipment operating 
at elevated temperatures. Not to be ignored is the fact 
that felt is the same at —60 F, in the absence of con- 
80 F its 
properties are only slightly different. Felt industry tech- 
nicians have consequently sponsored a series of thermal 


densate, as at normal room temperatures; at - 


evaluation tests on several grades of wool felt for criteria 
in such evaluations. Test procedures were in accordance 
with ASTM D-461. after exposures to temperatures of 
250 F, 275 F 300 F. Table III 
elapsed time for 75 per cent loss in tensile strength of 
the wool felts tested. 

The effects of these exposures on tensile strength and 


and summarizes the 


elongation properties are illustrated by the curves in 


5 and 6. Interpretation of the results of the tests 


Figs 


oO 
qQ 


Fig. 5—Thermal stability of SAE Fl, F3, F10 and F11 wool felts 
at 250 F, 275 F and 300 F in tensile strength retained. 
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train values of standard SAE grade felts before rupture. 


0.3 
U 
Deformation 


0.4 
in. per in 


0.2 


Fig. 4—Compressive deformation values on standard 


SAE felts. 


some 


indicated a gradual degradation as length of exposure 
increased. Discoloration was rapid and smoking of 
samples, noticed during the first 240 hr, correlated with 
the period of greatest degradation. The rate of degrada- 
tion was constant, regardless of density or grade of felt 
used, although physical dimensions were relatively un- 
changed. 

From the foregoing, it becomes obvious that the thermal 
stability of wool is dependent upon time as well as the 
ambient temperature. Further testing established the fact 
that decreases in tensile strength and elongation do not 
necessarily indicate the end point of functional value. 
Tensile strength is not entirely the major requirement 


for “in-place” engineering use of felt. The ability to ab- 








Time, days 


Fig. 6—Thermal stability of SAE Fl, F3, F10 and F11 wool felts 
at 250 F, 275 F and 300 F in elongation retained. 
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Table V—Physical Properties and Applications of Synthetic Felts 


Standard 
width, 
Composition* in. 


Weight 
tolerance, Thickness, 
ib/sq yd in, 
0.020 


0.187 


Acetate & Viscose 80 0.17 


Vinyon & Viscose 74 0.9 


Acetate or Vinyon 
+ misc. fibers 0.5 . 250 


Orion 0.68 045 
Orion 12 088 
Dacron 12 080 
Acrilan .12 .075 
Dacron .62 . 250 
Orlon 50 125 
Dynel .50 .125 
Nylon : 50 .12° 
Dacron 50 125 
Arnel 50 125 


*See Table I for identification. 


sorb oil (provide lubrication by wicking), retention of 
physical dimensions, retention of resilience and compres- 
sion characteristics are functional properties of wool 
felt which remain despite high tensile strength loss. 

The ability of wool fibers to recover some degree of 
their original when permitted to regain 
moisture after exposure to heat is well known. The test 
values for felt samples with normal moisture content are 
therefore relevant to stability in industrial uses where 
exposure to elevated temperatures is on an intermittent 
basis. 

The wicking qualities of felt have been known for 
some time. Extended exposure of felt to lubricating oils 


properties 


and organic solvents has no appreciable effect on the 
dimensional stability or physical properties of felt. Even 
more valuable is the fact that wool naturally absorbs and 
retains oils, acting as a lubricating reservoir in many 
applications. The General Electric Company uses felt in 
the lubrication their shaded-pole electric 
motors. Three different types of felt, each with a different 
wicking function, are used in this application. One wick 
(SAE Grade 12) is an oil storage reservoir, the second 
(SAE Grade 5) gives up oil from the first wick to the 
shaft, and the third wick returns oil to the reservoir wick. 
In addition to wicking qualities, the felt materials used 
were chosen because of their resistance to friction, chem- 
ical inertness and thermal stability under the particular 
conditions imposed by operation of these motors. A sup- 
plementary compilation of abrasive, frictional, oil ab- 
sorptive and thermal conductivity data is found in Table 
IV. 

Wool felt is resistant to oils, greases, organic solvents, 
elevated temperatures, cold, dryness, sunlight, ultraviolet 
radiation and ozone. It is a non-supporter of combustion 
and can be easily flame proofed to render it fire resistant. 


system of 
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| | Mullen 

Breaking | Elongation | bursting Density, 

strength, to strength | percent | in./min@1 

Ib/2 in. rupture, (min.), sp. in. rise 
width per cent ib/sq. in. | gravity |(SAE 10 W oil) 


18 
10 


Oil wick 
rise rate, 


4.5 | 
32 
27 
28 
32 

5 
25 
25 
25 
25 
25 
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Felt, in addition to its principal use as a prime mate- 
rial of design, is an acceptable substitute in times of emer- 
gency for many other nonmetallic materials within the 
range of densities and fiber composition which will yield 
the desired physical properties. As an alternate material 
it has the advantage of being readily processed by simple 
and common methods without long time 


set-up pro- 


cedures. 


Synthetic Felt 


The blending of natural and synthetic fibers to form 
felted materials of precise characteristics yields a great 
variety of engineering design applications. However, an 
even greater variety has come about through the felting 
of synthetic resins and fibers. 

Synthetic-fiber felts produced by mechanical interlock- 
ing, bonding under heat and pressure and similar proc- 
esses are distinct from the non-woven natural felts previ- 
ously described. Orlon, Dacron, Nylon, Acrilan, Dynel 
and Arnel (Table I) being used in me- 
chanically interlocked synthetic-fiber felts. 

Adaptations of 


are currently 


these materials are gaining in im- 
portance due to their unusually high resistance to chem- 
ical action, elevated temperatures and abrasive wear 
beyond the range of wool felts. Synthetic felts, utilizing 
fibers designed to meet the growing trend toward high- 
compression and high-heat applications with unusual 
conditions of electrical energy release, are well suited 
for such specialized applications as high-temperature 
bearing seals in electric motors, lubrication wicks in 
high-energy electrical systems and high-dielectric com- 
ponents. 

A great advantage of synthetic-fiber felts is that each 
material possesses the same special chemical and heat 


(Continued on page 312) 
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Oil 
Deformation and set absorption 
Coefficient of friction against glass at 58.6 psi by weight, 
~~ - - — per cent 
| Deformation, Set, | (SAE No. 
Applications Dry Ratio per cent per cent 10 lub oil) 


Alternate for wool felt 
Battery separator 


Air conditioners—fused edge 
air filter units 


High temperature bearing 
seals in electric motors and 
drives 


Lubrication systems wicks in 
electric motors and machine 
tools 


Reinforcement for plastics 
laminates in housings and 
chassis for radars and ra- 
domes 


Overlays on plastics laminates 
for printed circuits & dielec- 
tric applications 


Corrosion resistance 


Table Vi—Guide to Selection of Felt Bonding Adhesives* 
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APRIL 1958 





Hall generator, produced by Siemens-Halske A.G. in Germany, and principle of operation: 


Holl crystal 


Plastic or soft magnetic 
Z. ferrite body 


i= Current 
E-€E = Hall electrodes 


Hall voltage 





a magnetic field 


perpendicular to a thin slab of indium arsenide, coincident with a longitudinal current through the material, 


will produce a proportional transverse voltage. 


Applying the Hall Effect to 
Practical Magnet Testing 


fvailability of small indium-arsenide 
probes with low temperature coefficient 
that generate Hall voltages linear within 

I per cent in magnetic fields up to 10,- 
000 oersteds promises simplified preci- 


sion magnetic measurements such as 


air-gap flux densities 

flux distribution patterns 

long axial fields 

coercivity 

detecting magnet inhomogeneities 


demagnetization and _ hysteresis 
curves 


magnet assembly calibration 


GERHARD R. HENNIG 
157 S. Morgan Boulevard 
Valparaiso, Indiana 


Tue HALL EFFECT IS A PHENOMENON that occurs in any 
electric conductor. When a conductor or semiconductor 
(preferably a thin rectangular plate) is placed with its 
plane at right angles to a magnetic field, an electric po- 
tential will develop between electrodes E E on opposite 
edges when a current flows parallel to the edges of E E. 
Figure 1 shows the principle. 

Within certain limits, and with no load applied to 
E — E, this potential will be proportional to the current 
i, and to the magnetic field H, or the flux density B**. 
The no-load Hall voltage then is given by the equation 

; |; ie 
Eno = R° d 


*Developments reported here were partly periormed fc 


x the Indiana Steel 
Products Company, Valparaiso, Ind. 


**In a vacuum and in practically all non-ferromagnetic materials, B and H 
have the same numeric value. For some considerations B may be 
for H, although this is incorrect both dimensionwise and with 
the origin of both units. 


substituted 
respect to 
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where 
ky Hall voltage under no load 
? = Hall constant (a material constant) 
i] magnetic field strength 
i = cross-current through Hall probe 
d = thickness of Hall probe 


Early Limitations. The Hall effect, known since 1879, 
therefore appears to offer excellent possibilities for use 
in magnetic test problems. Using the Hall voltage directly 
for measuring magnetic fields, however, involves many Rext=load 
difficulties. Until recently it was not applicable even in | Le eas. 
simple devices because such voltages could not be de- field zero 
veloped with sufficient accuracy or reliability. The main 
obstacles were: Field H 

© non-linearity of Hall voltage under load, ©D wall 

© low Hall voltage or Hall constant, aay 
© high temperature coefficient of probe materials. 

The first condition, requiring a linear proportionality 

between the magnetic field H and the Hall voltage Ey 

under the load of a millivoltmeter, depends mainly on the 

geometry of the probe and on the arrangement of the four 

electrodes. The width of the probe and the location of 

electrodes E — E is particularly critical. 

New Probe Materials. Test probes now are avail- 
able, Fig. 1, with a guaranteed linearity of 1 per cent up to 
10,000 oersteds when properly loaded. Figure 2 shows the 
influence of the external resistance on the linearity, With 
special provisions in the external circuit, a linearity 
within 1 to 1.5 per cent can be extended above 20,000 
oersteds. It is therefore possible to calibrate meters in 
millivolts rather than in magnetic units, if the required 
over-all accuracy does not exceed 1.5 to 2.0 per cent. For 
precision measurements the calibration has to be done 
individually for each probe and in magnetic units. 

The production of Hall probes (or Hall generators) 
that are linear under external load is much more difficult 
than, for instance, the production of transistors. This is 


voltage as a function of 
field strength and external load. 


one reason why Hall generators are relatively new and 
expensive, and why heretofore the Hall effect has been 
used mostly in an indirect way—in probes with the Hall 


2 Temperature dependence of Hall constant for 
indium antimonide and indium arsenide. Although 

InSb has the higher Hall constant, InAs, with its lower 

temperature coefficient, is the more suitable material. 


_ . 
: Electronic gaussmeter, 
including amplifier 
with accuracy within + 1.5 
per cent over ranges from 
0-50 to 0-10,000 oersteds. In- 
strument uses same type of 
probe as Fig. 4, shown below 
in protective cap. (Source: 
Institut Dr. Forster, Reut- 


Portable gaussmeter with accuracy within + 1.5 lingen, Germany.) 


to 2.0 per cent, depending on range, available with 
4 or 5 ranges from 0-1000 to 0-20,000 gauss (or oersteds). 
Operates on 1.5 volt battery, or with built-in rectifier for 
operation from a-c line. Probe is 0.038 in. thick, 0.160 in. 
wide, 0.450 in. long; element is 0.004 in. thick with 0.040 by 
0.080 in. area. (Source: G. R. Hennig, Valparaiso, Ind.) 
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hy Probe arrangement for meas- 


uring long axial fields. 


voltage shorted out and only the change in resistance 
(magnetoresistance) used as a transducer. (])* 

New intermetallic compounds with extremely high 
electron mobility, such as indium antimonide (2, 3, 4), 
create enough Hall voltage for direct connection of con- 
ventional millivoltmeters to Hall electrodes without an 
amplifier or bridge-type circuit. A Hall generator with a 
sensitive element of 0.160 x 0.080 x 0.004 in. and a cross- 
current i of 150 ma will produce about 50 mv under 
load in a magnetic field of 1000 oersteds. Indium anti- 
monide, however, has an unfavorable reaction to tem- 
perature. Its temperature coefficient of about 15 per cent 
per 10 deg C is even more than, for instance, bismuth 
or germanium has. Indium antimonide, therefore, is 
feasible for Hall generators only where a new calibration 
is possible or permissible before and after each test read- 
ing, or in applications where a zero indication deter- 
mines the result. 

Compensating the meter or other components of a test 
circuit for the influence of temperature on indium-anti- 
monide probes would be of little use, especially for small 
gap-probes. The temperature of the tiny probe mass 
changes much faster than that of the instrument or the 
compensating elements. If the probe were placed in the 
gap of a warm electromagnet, or against a permanent 


*Italic numerals in parenthesis refer to Cited References at end of text 


AMF Principle of Hall-effect coercimeter: 


magnet that had been stored in a cool place, unacceptable 
errors would occur. In addition, the probe cross-current 
may cause a slight warmup, which can result in consider- 
able drift when probe materials with high temperature 
coefficient are used. 

Development emphasis therefore has been concen- 
trated on creating low-temperature-coefficient materials. 
Now, for the first time, complex crystals from elements 
of the fifth group in the periodic system have been 
created with temperature coefficients as low as 0.2 per 
cent per 10 deg C. That of indium arsenide is 0.5 per 
cent per 10 deg C (Fig. 3), a negligible fraction of 
that of indium antimonide, bismuth or germanium, 

The Hall constant of indium arsenide, although less 
than half that of indium antimonide, is still high enough 
to operate portable direct-reading d-c instruments with 
ranges starting from 0 to 500 oersteds. Sensitive lab- 
oratory instruments, ribbon-suspended meters or meters 
with amplifiers permit much lower ranges. Precision 
meters, starting from 0 to 1 oersted for full-scale deflec- 
tion and with an accuracy within +1 per cent, are now 
commercially available. With special care and with tem- 
perature variations limited to 
curacies of 


-7 deg C, absolute ac- 
+0.5 per cent have been achieved. Figures 
4 and 5 show two types of commercially available meters. 


Applications 


There are many applications for these direct and con- 
stant-reading gaussmeters. Besides the common measure- 
ments of field strength or flux density in a gap, the 
Hall-probe gaussmeter is ideally suited to check the field 
homogeneity or the flux pattern in narrow gaps as well 
as in open circuits, (5) It permits a quick, true picture 
of stray fields and leakage flux. Measurements in long 
axial fields, as with travelling-wave-tube magnets, are 
possible with a probe arrangement according to Fig. 6 
and are much less time-consuming than the step-by-step 
ballistic galvanometer method or tests with rotating coil 
devices. Further, the small size of the probe makes it 


H=He 


a magnetized magnet always deforms an external field except when 


d the field H equals the intrinsic coercive force H 


of the magnet. Because H.; is independent of magnet 


shape, principle can be utilized for measurements on unmachined or odd-shaped magnets. 


x x x x x x 
Ho 
N sir 


Q 


a 


Simple coercimeter: magnet or probe movements will 
cause oscillation of Hall voltage except when applied 
field is equal to the magnet H.:. 
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robe for 
s 


reasurement 


Hall probe for 
zero indication 


More sensitive coercimeter: field is adjusted until meter 
o connected to horizontal probe reads zero; then H = He, 
is measured by the vertical probe. 
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(Left) 


Pole | 
Modification of Fig. 10, using short iron pole 


d j pieces to decrease 


influence of magnet in- 
homogeneities, 


£ 








Permeameter yoke 


Potentiometer 


possible to locate points of flux-density change very pre- 
cisely. 

Coercimeters. Any ferromagnetic material, when 
placed in a magnetic field, causes a deformation of the 
field pattern except when the field H is equal to the 
intrinsic coercive force H,.,; of the previously saturated 
ferromagnetic material, Fig. 7. Simple coercimeters, in 
which even unmachined or odd-shaped magnets may be 
tested, can be based on this principle because Hy (as 
opposed to H.) does not depend on magnet shape.* 

For materials with a nearly rectangular demagnetiza- 
tion curve, such as Alnico V, the arrangement in Fig. 8 
is sufficient. Here, the saturated magnet and the Hall 
generator are placed in an air-core solenoid whose field 
opposes the magnetization in the magnet. The magnet or 
the probe is moved periodically along the axis of the 
solenoid and the opposing field H is steadily increased. 
The probe measures the field H, but the varying distance 
causes the indicating meter to oscillate unless H is equal 
to the intrinsic coercive force of the magnet. 

A more sensitive arrangement is pictured in Fig. 9. 


*Coercive force He is the demagnetizing field necessary to reduce the total 
magnetic induction B of a magnet to zero. Intrinsic coercive force is the 
slightly higher applied field required to reduce the intrinsic induction (or 
magnetic intensity) 1 = B — H to zero. (6) 
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quick permeameter check for mag- 
netic induction B as a function of field H. 


Meter for 
nh 


Potentiometer 


Meter for 
B or I 


{2 Direct-reading permeameter. For total induction B 
“My readings, potentiometer is set to ratio of probe-to- 
gap area. For measuring intrinsic induction (or magnetic in- 
tensity) I B — H, a second H probe is used to perform 
automatic subtraction. 


Hysteresigraph circuit for B 
or I using an X-Y recorder 
in place of instruments of Fig. 12. 


13 


XY- recorder 


Borl 


In this device, the test specimen is fixed in the cenie: of 
the solenoid. A Hall generator placed under one end of 
the magnet to respond only to the vertical component of 
the magnet’s field (but not the applied field) indicates 
zero when H is equal to H.;. For this purpose, the more 
sensitive indium-antimonide probes, probes with a large 
area or test circuits with rather simple amplifiers may be 
used. The field of the solenoid can be measured by a 
second Hall generator, or be determined from the ampere 
turns of the coil. 

Tests with these coercimeters require only about 30 
sec and are as accurate as the meter calibrations—in 
practice within 1.5 per cent. The tests show, however, 
inhomogeneities which quite frequently occur in oriented 
magnets. Tests should be repeated with the other end of 
the magnet toward the probe. With a field strength up 
to about 1200 oersteds, simple non-cooled air-core 
solenoids are suitable for intermittent operation. Continu- 
ous operation, or testing materials with higher intrinsic 
coercive force, requires water-cooled coils or an iron 
yoke. Various designs are possible and depend on the 
size limits and the material of the magnets to be tested. 

Direct-Reading Permeameters. The problems in- 
volved in direct-reading or recording permeameters are 
considerably diminished by the possibilities the new 
Hall generators offer. A probe located close to the sur- 
face of the test specimen measures the exciting field H 
with high accuracy. Flip coils and other time-consuming 
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ballistic arrangements are avoided, and Hall generators 
have proved to be at least as reliable as rotating or vibrat- 
ing test generators, and yet require less space, thus 
facilitating testing of shorter magnets. This is especially 
important for ceramic magnets and other materials with 
high coercive force. 

Measuring the correct value of B as a function of H 
is more difficult because a small gap is necessary in the 
test circuit to provide space for the B probe. The B probe 
can be placed directly between the surface of the test 
magnet and the permeameter yoke, as shown in Fig. 10. 
In this case it would not even be necessary to baie the 
cross-sectional area of the magnet or to have a magnet 
with uniform area over its length. : 

The shearing due to the gap for the probe may be 
neglected if the length of Alnico magnets is more than 
50 times and, of ceramic magnets, more than 20 times 
the length of the gap. With the thinnest probes available, 
this would be about 1.6 in. for Alnico and 0.625 in. for 


Relay Green light 


gi 
ee Ee 
L 


Red light 


Magnet system 


generator 


7 q Gaussmeter-relay setup for calibrating permanent 


magnet assemblies. Upper limit contact of relay is 
set for minimum flux density acceptable; lower limit contact 
is set for desired flux density. Procedure: (1) assembly is mag- 
netized to saturation and then (2) placed in unergized a- 
coil with Hall probe inserted in gap. (3) If magnet has mini- 
mum flux density, green light flashes and test proceeds. (4) A-C 
voltage is increased to knock down magnet until lower-limit 
contact operates red light to indicate proper calibration; then 
coil is slowly turned off. 


en 


wales x a 


] 
5 


) 
5 
~ 


generato 


RR 
I> Measuring direct current. 
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ceramic magnets. Comparative tests, even with much 
shorter magnets, will still give valuable information about 
the characteristic of a magnet material, especially when 
a sample of equal size and with known properties is 
available. 

\ location of the B probe as in Fig. 9 will show in- 
homogeneities in magnets. However, the fast and simple 
operation of a permeameter with Hall generators arranged 
as in Fig. 10 permits making a quick second test with 
the other end of the magnet toward the probe. This 
method may even be used purposely in order to discover 
such inhomogeneities in magnets. Placing short iron pole 
pieces (with their area equal to the magnet area) be- 
tween probe and permeameter yoke will decrease the 
influence of local inhomogeneities and the mean flux 
density in the magnet will still be directly indicated with 
fair relative accuracy, Fig. Neither of the arrange- 
ments in Figs. 10 and 11 is supposed to be used for abso- 
lute measurements. They are, however, extremely prac- 
tical for relative tests and will show much more about 
the properties of a magnet than do tests at one or two 
fixed operating points, without requiring any longer test 
time. 

Plotting of the hysteresis loop within ASTM standards 
requires locating the B probe in a gap of the permeameter 
yoke. With the gap area being a multiple of the magnet 
area, the shearing can be decreased to a negligible 
amount, especially when gap probes imbedded in soft 
As long as the flux density 
not exceed 2500 


magnetic ferrites are used. 
in these ferrite Hall generators does 
vauss, the actual gap length required for the indium- 
arsenide crystal and the fine wires will average less 
than 0.010 in. In practical yokes, where the gap area 
can easily be made 10 to 30 times the area of the magnet, 
even erain-oriented Alnico V will not cause saturation 
of the soft ferrite probe cases. Yokes have been built 
which permit accurate tests on Alnico V magnets as short 
r ferrite magnets only 0.200 in. long. (7) 
With a potentiometer dividing the Hall voltage of the 
B probe according to the ratio of gap-to-probe area, the 
calibrated directly in units of flux density, 


as 0.5 in. o 


meter can be 
Fig. 12. If it is required to measure the magnetization 
| = B — H asa function of H, a second H probe may be 
placed close to the surface of the magnet. This second 
can be connected through a potentiometer to the B 
probe so as to automatically subtract H from B to obtain 
a direct reading of J versus H. 

Hysteresigraph. The permeameter circuit of Fig. 12 
can also operate a standard X-Y recorder with a sensi- 
13. Recording the full 


hysteresis loop, or minor loops, starting from zero or 


probe 


tivity of about 1 mv per in., Fig. 


from any point of the external loop, now is possible with 
a minimum of equipment. This should help to 
increase the use of hysteresigraphs, whose application 
has been limited because of their extremely high cost, 
but which are very desirable for many applications. As 
no impulses are used in Hall- -generator permeameters, 
the permeameter yoke may be built from solid material. 
In small devices the exciting field H may even be created 
by variable permanent magnet systems instead of by 
electromagnets, (9) 

Gaussmeter Relays. Connecting relays to Hall gen- 
erators results in many very practical applications ad- 
vantageous for production control, automatic testing 


"7 Cc 
oz. ee 


(Continued on page 154) 
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iniaturized 

rinted 

ircuit 
Fabrication 


State of the art report describes 
method of measuring capabilities 
of representative printed circuit 
fabricators to produce extreme- 
ly fine conductors with small 
inter-conductor spacings. Special 
control 


quality measures are 


proposed. 


ROBERT E, OVERAS 

Senior Engineer, Mechanical Division 
GenerRAL Mitts, Inc. 

Minneapolis, Minnesota 


Fig. 1 


INCREASING DEMAND for miniaturized printed circuitry 
made it necessary to determine the printed circuit indus- 
try’s capability to produce extremely fine conductors with 
small inter-conductor spacings. This study was conducted 
by Mechanical Division of General Mills, Inc., in conjunc- 
tion with a U. S. Army Signal Corps research and de- 
velopment program. 

A survey was made involving eight printed circuit 
fabricators, selected on a nationwide basis and considered 
to be a representative, well qualified group. The objective 
of the survey was twofold: 

1. To determine the present state of the printed cir- 

cuit art in producing miniaturized circuits. 

2. To determine the process and materials which best 

produce this type of circuitry. 

In every case, the fabricator used the photo-engraving 
process. In earlier experiments it was shown that the 
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Printed circuit configuration supplied to fabricators as a photographic 
negative. (a) Spacing 0.2 mm, line width 0.6 and 0.2 mm; (b) Spacing 0.6 mm, 
line width 0.6 and 0.2 mm; (c) Spacing 1 mm, line width 0.6 mm. 


screen process, using 200 mesh stainless steel screen and 
screen processed acid resistant paint, was not capable of 
producing the fine elements concerned with in this study. 

In the survey program, standard circuits with miniatur- 
ized elements were fabricated by each of the firms in- 
volved, and a systematic evaluation of the circuits was 
made by General Mills, Inc. To assure uniformity, the 
photographic negatives and copper clad base material 
were furnished te each fabricator. The negatives were 
prepared on Kodak Ortho PB film, and the base material 
furnished was 1) ,-in. thick epoxy glass laminate clad on 
both sides with 1 oz electrolytic copper foil. 

The circuitry for the study is shown in Fig. 1. Three 
basic configurations were employed: 

1. A 0.2-mm conductor and a 0.6-mm conductor 

separated by a 0.2-mm spacing, 23 cm long. 
2. A 0.2-mm conductor and a 0.6-mm conductor 
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Table I—Printed Circuit Process and Test Results 


Num- Per cent open 


Per cent shorted 
= conductors 


spacings 


cir- 0.2 | 0.6 | 1.0 0.2 | 0.6 
cuits | mm | mm | mm! mm! mm 


3. 
: 
35 





ITO ™™MoOOW>y 
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separated by a 0.6-mm spacing, 24 cm long. 

3. A 0.6-mm conductor and a 1.0-mm conductor 

separated by a 1.0-mm spacing, 27 cm long. 

Panels consisted of nine two-sided circuits with three 
circuits pf each configuration on a side and the circuits 
on each side of the panel oriented 90 deg apart. The 
registration between sides was not considered a factor 
in this study. 

All circuits were checked in General Mills, Inc., lab- 
oratories for opens and shorts. In addition, Kelvin double 
bridge measurements were made on all conductors. The 
findings are shown in Tables I through IV. 

In the case of supplier B, the larger deviation is at- 
tributed to a questionable photographic process, as the 
circuits were not overetched and the percentage of open 
and shorted conductors is relatively low. The exposures 
were not made in a vacuum frame but rather in a spring- 
loaded printing frame. As a result, the negatives made 
poor contact with the resist-coated panels and wide vari- 
ation in conductor width was introduced. 

Suppliers which exhibited generally good etching con- 
trol experienced undercutting on the 0.2-mm conductors 
of approximately 0.02-mm on a side. This resulted in a 
mean resistivity of approximately 25,000 microhm/cm. 
The undercutting was somewhat heavier with the wider 
spacings due, it is believed, to the freer flow of etchant 


Table tl—Resistance of 0.2-mm Conductors 


— 


Number of Mean Standard 
conductors | resistance | deviation from 
Supplier measured | microhm/em| mean (%) 
| 36 
72 
WI 
i 24 
34 
24 
60 
84 
| 


*Distribution not norma] due to high percentage of shorts or opens. In no 


case was the standard deviation normalized by considering open con- 
ductors. 


resist 


KPR spray Fe Ci, 
cold top 
KPR immersion Fe Cl, 


Fruendorfer 
KPR 


Process 


Comments 


Excellent 

Poor photography; excellent etch. 
Poor definition, otherwise good 
Fair, overetched 

Poor, overetched 

Poor, overetched 

Slightly overetched 

Slightly overetched 


splash Fe Cl, 
splash Fe Cl, 


splash Fe Cl, 
splash Fe Cl, 


in the wider spacings. Calculations of the 0.2-mm con- 
ductor cross-section using the nominal foil thickness of 


_ 0.00135 in. and an electrical resistivity value for copper 


of 1.7241 microhm/cm predicts conductor failure when 
the mean resistance reaches 100,000 microhm/cm, at 
which time the average conductor width is 0.1 mm. At 
this time the resist is completely undermined as shown in 
Fig. 2 and the conductor begins to fail. The calculations 
checked very well with conductance measurements on 
overetched conductors. 

The survey would seem to indicate several points. The 
photo engraving process is capable of producing these 
miniaturized elements with satisfactory manufacturing 
reproducibility, but the majority of printed circuit fabri- 
cators do not exercise sufficient process control to produce 
this type of circuitry. It was concluded that spray etch- 
ing, splash etching, and immersion etching, in that order, 
produced the finer etching with minimum undercutting. 
It was quite evident that immersion etching with air agita- 
tion was not capable of producing conductors down to 
0.2 mm in width. 

On the basis of this survey, and subsequent experi- 
mentation at General Mills, Inc., it has been concluded 
that special quality control measures, not now universally 
used, are required for the production of the miniaturized 
elements involved in this study. 


Table il—Resistance of 0.6-mm Conductors 


Number of 
conductors 
Supplier 


123 1,300 


| 


*Distribution not normal due to high percentage of shorts or opens. In no 
ease was the standard deviation normalized by considering open con- 


ductors. 
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Fig. 2—Undercutting of printed circuit conductor as a result 
of overetching. 


Each phase of the manufacturing process must be 
precisely controlled. In the photographic exposure a 
stable negative must be used, and this should be kept 
from heating as a result of repeated exposures. The light 
source therefore should be heat free, and the spacing 
between light source and printing frame controlled. 

The etching process must be particularly well regulated, 
as undercutting is a problem with narrow conductors. 
Undercutting is minimized by fast etching. Spray etch- 
ing is capable of etching 1 oz copper in three minutes 
with little undercutting and is the recommended method. 
Even faster etching (less than two minutes) can be ac- 
complished using electrolytic methods. This produces 
markedly less undercutting. One technique which can be 
used to reduce etch time by 30 to 50 per cent is that 
of pre-heating the etchant to approximately 90 F. How- 
ever, the faster etching techniques increase the danger 
of overetching. A constant watch must be maintained on 
the etching progress, either through visual attention of 
an operator, or the use of an electrical control circuit. 
Such a circuit would involve an element as a part of the 
pattern on each printed circuit panel. The conductance 
of the element would reduce as its cross-section was re- 
duced by the etching. At complete etching, the circuit 
would open, thereby shutting off the etching machine. 

O00 


Table 1V—Resistance 


Number of 
conductors 
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Crossbar Switch Applications 


(Continued from page 95) 


that line. This permits 10 shunt outputs in addition to 
the original shunt output of the selected pair of wires. 

Line 4 is a somewhat more complicated arrangement. 
Note that the selected pair of wires is fed to levels 1 
and 2, and 3 and 4. Assuming coordinates So, H4 are 
operated, the selected pair is then fed through levels 
5 and 6 which becomes the series-inserted output. In this 
manner, therefore, device No. 1 is placed in series with 
the selected pair of wires. 

If the series-inserted output is not to have anything 
connected in series with it, it is, of course, possible to 
substitute a “short” for one of the devices, such as shown 
at coordinate S,, H,. By a slight rearrangement of the 
connections shown, it also becomes possible to insert 
more than one of a number of devices in series with the 
selected output pair. This will necessitate operating two 
crosspoints in line 4 which is, however, no hardship. 

It must be pointed out that some of the facilities avail- 
able in the switch have not been used in this application. 
These may be used for purposes of additional vertical 
combinations or additional series-inserted outputs, etc. 
Also, the example shown uses only five sets of lines. Of 
course, in a standard switch, up to 10 such lines can be 
used with correspondingly larger amounts of logic. 

o0°0 


Automatic Positioning with 
Punched Tape Control 


(Continued from page 125) 


Speed and Feed. All speed and feed changes in the 
Fosmatic Jig Borer are made by the operation of mag- 
netic clutches. All sliding gears, shifter forks and me- 
chanical linkages have been eliminated. As indicated in 
the description of the numerical code, 16 speeds and 8 
feeds may be selected. Speed gears are constant-mesh, 
helical gears made of alloy steel, heat-treated and shaved. 
All shafts are splined and run on ball bearings. 
The drive to the spindle is through hardened and ground 
spiral bevel gears mounted in antifriction bearings. A 
constant spray of oil is provided throughout. 

The feed gear box is shown in Fig. 11. Unit construc- 
tion allows the entire gear box to be removed without 
disturbing the drive. The oil-tight connections to the 
clutches which change the feed setting in accordance 
with the command from the tape can be seen. This in- 
formation is transferred directly from the memory 
switches to the gear box when the positioning operation 
begins. Wiring between the terminal board on top of 
the gear box and the clutch connections is not shown 
in the figure. 

The speed gear box for the spindle drive is similar 
to the one shown, and the selection of speed by the 
changing of windings and gear ratios in response to the 
tape command is similarly accomplished. OoO0o0o 
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3rd Design Engineering Conference 
and Show . 


FOLLOWING THE PATTERN established at 
the 2nd Design Engineering Conference 
held in New York City in 1957, the 
technical program of the 3rd Confer- 
ence will include two middle days with 
three simultaneous technical sessions 
each, bracketed by single sessions of 
general interest on the opening and the 
last day of the 4-day conference. (See 
details on facing page.) The conference 
is being held under the sponsorship of 
the Machine Design Division and the 
Chicago Section of the American Soci- 
ety of Engineers. Both 
Show and Conference will be staged 
at the International Amphitheatre just 
outside the Chicago Stockyards. 


Mechanical 


Papers for the Conference were ar- 
ranged for by a special ASME Auxili- 
ary Papers Committee, pictured below. 
Preprints of all the papers will be 
available under one cover at time of 
registration. 

On Monday, April 14, the first gen- 


to be held in Chicago April 14-17 will explore mechanical, 


electrical and materials aspects of product design 


eral session will deal broadly with the 


problem of getting a product design 
into production. Included in the panel 
presentation will be the viewpoints of 
purchasing and manufacturing execu- 
tives as well as design engineers. This 
part of the program is a sequel to the 
1957 panel discussion on Procedures 
New Designs _ that 
brought in the thinking of the indus- 


in Developing 


trial designer as well as the engineering 
executive. 

The second general session, on Thurs- 
day, April 17, deals with two aspects 
of a problem facing every design engi- 
neer—filing and finding the wealth of 
engineering and informa- 
tion being produced in increasing vol- 
ume in 


commercial 


printed form or in company 
and government reports. Use of com- 
puter-like for searching and 
correlating scientific and technical lit- 
erature has led to the development of 
new techniques in storing and retriev- 
ing such information, to be described 


devices 


by one of the 


quick 


access to up-to-date commercial litera- 


speakers. For 


ture on materials and components, a 
central file has its advantages and its 
set-up will be described by a 
visor of such a system. 

In the papers to be presented at the 
Mechanical and the Power and Control 


Sessions, the 


super- 


electromechanical ap- 

problem of 
engineering predominates. More and 
more it 


proach to the design 


is becoming evident that in 
industrial machinery, 
particularly where automaticity is the 
prime requirement, it is difficult to sep- 
arate the electrical 
problems. This correlation is empha- 


the design of 


mechanical and 


sized in the first session on Power and 
Control where electrohydraulic systems 
on machine tools and on aircraft will 
be compared by two batteries of speak- 
ers. Not only will requirements of 
electrical control of hydraulic power 
be brought out, but the aim of this 
particular session is to cross-breed de- 


Members of Design Engineering Conference Papers Committee 


As it was for the 1956 and 1957 Design Engineering Conferences, the program for the 1958 Conference was arranged by a 
special ASME Auxiliary Papers Committee composed of the chief editors of four design engineering publications. 


COLIN CARMICHAEL 
Machine Design 
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HENRY R. CLAUSER 


Materials in Design Engineering 


(1932-1957) 


GEORGE F. NORDENHOLT 
Product Engineering 


FRANK J. OLIVER 


Electrical Manufacturing 


ELECTRICAL MANUFACTURING 





sign ideas from two separate fields that 
use common components like the 
electrohydraulic servo valve. 

Similarly, in the second session on 
Power and Control, mechanical design 
factors are related to electrical design 
in servo systems. Here both speakers 
will emphasize how such mechanical 
factors as inertia, stickiness in ways, 
backlash in gearing and spring wind- 
up in shafting enter into the dynamic 
response of the servo loop as analyzed 
electrically. As time goes on, it will 
hecome more and more necessary that 
the mechanical engineer understand the 
electrical control problem and that the 
electrical circuit designer recognize 
some of the shortcomings inherent in 
the mechanical design. Yet, neither 
can depend upon the other designer 
to get him out of the hole: they must 
work together. 

Likewise, at the first Mechanical 
Session, the discussion of mechanical 
memory devices will bring in not only 
standard components like cams, total- 
zers, memory wheels, sorters and 
master plates, but also limit switches 
ind electromechanical and _ electrohy- 
draulice concepts. 


of electrical and 


And as in the case 
electronic systems. 


mechanical systems at high speed have 


kinematic, minimum time, 
stability and similar problems. Auto- 
matic inspection devices also include 
both mechanical and electrical aspects 
since they can include pneumatic, elec- 
tronic, electric or combinations of them. 
And when 


response 


mention is made of “in- 
process” or “post-process” gaging, the 
feedback to obtain automatic size con- 
trol is almost invariably electrical, as 
will be brought out at this session. 
Problems in 


design of automatic 


packaging machinery concern mainly 
mechanical mechanisms for conveying, 
indexing and pressure and orientation 
functions, although electronic and com- 
bination components are also being 
considerations in 
centralized machine systems largely re- 


used. Lubrication 
volve around the selection of suitable 


lubricants and choice of dispensing 
equipment. Pumpability characteristics 
of a grease to be used in such a sys- 
tem are a Limitations 
as to pumpability include not only the 


pressure drop through various lines and 


major factor. 


fittings over a range of temperatures 
and flow rates. but also the horsepower 
of the motor. 

Lubrication problems also enter into 
the selection of bearing materials, one 
of the Materials Session’s papers. Also 


Program of 3rd Design Engineering Conference 
International Amphitheatre, Chicago, April 14-17, 1958 


Monday, April 14 

“Putting the Design into Production” 
PANEL MEMBERS: 

Leo Kevitt, manager of manufacturing. 
instrument and Alemite division, Stewart 
Warner Co., Chicago. 
Joseph Manuele, director, headquarters 
quality control, Westinghouse 
Corp., Pittsburgh. 
Donald L. Harwood, vice-president, 
purchases, Fairbanks, Morse & Co., Chi 


cago, 


Electric 


H. Walter Regensburger, chief engineer, 
general engineering department, Link- 
Belt Co., Chicago. 


Tuesday, April 15 (Concurrent) 
Session: Mechanical 
“‘Mechanical Memory Devices,”’ by 
Arthur Mirel, assistant section 
ager, general engineering 
American Machine & 
Greenwich, Conn. 


man- 
laboratory, 


Foundry Co., 


‘Automatic Inspection,”’ by David H. 
McConnell, manager, autometrology divi- 
sion, Sheffield Co., Dayton, Ohio. 


Session: Materials 
“Shock Resistance of Plastics,’’ by 
G. R. Rugger, chief, plastics materials 
testing and specification unit, Picatinny 
Arsenal, U. S. Army, Dover, N. J. 


“Uncommon Engineering Metals,” by 
John P. Denny, physical metallurgy 
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specialist, and Louis F. Kendall, Jr., 
nuclear materials specialist, general 
engineering laboratory, General Electric 
Co., Schenectady, N. Y. 

SESSION: Power and Control 
““*Electro-Hydraulic Systems on Machine 
Tools,” by Edward J. Rivoira, manager. 
electro-hydraulic and gaging division, 
and A. H. Dall, director of standard 
machine tool engineering, The Cincinnati 
Milling Machine Co., Cincinnati, Ohio. 


“Electro-Hydraulic Systems on  Air- 
craft,”’ by F. L. Moncher, director of 
engineering, aero-hydraulic division, and 
L. D. Taylor, assistant chief development 
engineer, research and development 
division, Vickers, Inc., Detroit, Mich. 


Wednesday, April 16 (Concurrent) 
Session: Mechanical 
“Problems in Designing Automatic Ma- 
chinery,”’ by Maurice J. Faltot, assistant 
chief engineer, New Jersey Machine Co., 


Hoboken, N. J. 


“Lubricant Considerations in Central- 
ized Systems,”” by Robert K. Gould and 
Richard D. Skoglund, Texaco research 
center, Texaco Co., Beacon, N. Y. 
Session: Materials 

“Compatibility of Metals in Bearing 
Contact,” by Carl L. Goodzeit, senior 
research engineer, General Motors re- 
search staff, General Motors Corp., De- 
troit. 


included in this group will be a dis- 
cussion of uncommon metals such as 
vanadium, columbium, tantalum, chrom- 
ium and rhenium, as well as zirconium 
and hafnium. The prices of such un- 
usual metals have now been lowered 
to the point where they can be 
considered in commercial design. 
With more and more plastics going 
products, the need to 
know their performance at very high 
rates of loading arises. High-rate data 
obtained by performance tests in the 
5-15 milliseconds to fracture range will 


into military 


be presented by engineers of Picatinny 
Arsenal. 

Also from a military source is the 
from Wright Air Development 
Center on high strength — structural 
sandwich construction, which has wide 


paper 


use in aircraft structures. In selecting 
components for sandwich constructions. 
major consideration must be given to 
the core, faces and joining medium to 
assure meeting of design criteria, fab- 
rication techniques and _ proposed 
applications. 

Dr. J. T. Rettaliata, president, Illi- 
nois Institute of Technology, will ad- 
dress the luncheon at the Stockyards 
Inn, Tuesday. April 15, on “Creative- 
ness—Key to Industrial Progress.” 


“High Strength Structural Sandwich 
Construction,” by W. E. Dirkes, chief, 
plastic products section, Wright Air De- 
velopment Center, U. S. Air Force, Day- 
ton, Ohio. 
Session: Power and Control 

‘Integrating Mechanical and Electrical 
Design in Servo Systems,”’ by Walter 
L. McCann, assistant chief engineer, 
Giddings & Lewis Machine Tool Co., 
Fond du Lac, Wis. 


‘*Solving Mechanical-Electrical Problems 
in Servo Systems,” by Glenn Ertell, 
specialty control department, General 
Electric Co., Waynesboro, Va. 


Thursday, April 17 
Session: General Engineering 
“The Information Center of Tomorrow,” 
by Allen Kent, associate director, and 
James W. Perry, director, Center for 
Documentation and Communication Re- 
search, Western Reserve University, 
Cleveland. 


““A Central Catalogue File Saves En- 
gineering Time and Money,” by James 
L. Dykes, supervisor, commercial records, 
management, engineering department, 
E. I. du Pont de Nemours & Co., Wil- 


mington, Del. 


Design Engineering Show 
April 14-17, 1958 
12:00 noon to 5:30 p.m. 
Monday through Thursday 





The exposition, produced by Clapp & 
Poliak, Inc., New York, has grown to 
be one of the largest annual industrial 
shows in the country. It will have an 
exhibit area of more than 125,000 
sq ft, more than four times the size 


Exhibitors 


of the first show held in Philadelphia in 
1956. More than four hundred com- 
panies will exhibit and more than 
20,000 visitors are expected. Exhibit 
opens at noon and closes at 5:30 P.M. 
each day. 
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Exhibitors Numbers 


apie ama 


A & P Metal Products Mfg. Corp. 692 
Acme Steel Co. 1049 
Acro Div., Robertshaw-Fulton 
Controls Co. 1064 
The Adams & Westlake Co. 556 
Aeroquip Corp. 305 
Air-Maze Corp. 846 
Alemite Div., Stewart Warner 
Corp. 31] 
Al-Fin Div., Fairchild Engine and 
Airplane Corp. 529 
Allegheny Ludlum Steel Corp. 654 
Allis-Chalmers Manufacturing Co. 218 
The Louis Allis Co. 921 
Alloy Products Corp. 1025 
Almar Hydraulic Valve Co. 101 
Aluminum Co. of America 618 
Aluminum Extrusions, Inc. 1065 
The American Brass Co. 606 
American Chain & Cable 
Co., Inc. 222 
American Laubscher Corp. 229 
American Nickeloid Co. 1038 
American Society of Mechanical 
Engineers 
Ampco Metal, Inc. 
Amplex Div.—Chrysler Corp. 
The Anderson Co. 
Applied Hydraulics Magazine 
Armco Steel Corp. 
Armstrong Cork Co. 
Arvin Industries, Inc. 
Arwood Precision Casting Corp. 
Assembly Products, Inc. 
Associated Spring Corp. 
Atkomatic Valve Co., Inc. 
The Auburn Manufacturing Co. 
Aurora Metal Co. 
Automatic Switch Co. 481, 483, 
Automotive & Aircraft Div., Amer- 
ican Chain and Cable Co., Inc. 
Automotive Industries 


— 


Bacon Industries, Inc. 

Bakelite Co., Div. of Union 
Carbide Corp. 7O1, 709. 

Barber-Colman Co. 

Barco Manufacturing Co. 

Battelle Memorial Institute 

Beaver Precision Products, Inc. 

The Bellows Co. 

Benton Harbor Engineering 
Works, Inc. 

Binks Manufacturing Co. 

Boston Gear Works 

W. H. Brady Co. 

Bristol Co. 

Brook Motor Corp. 

Brooks & Perkins, Inc. 

Browning Manufacturing Co. 

Buchanan Electrical Products 
Corp. 

Buffalo Bolt Company, Div. of 
Buffalo-Eclipse Corp. 

Burling Instrument Co. 

Burndy Corp., Omaton Div. 
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Camloc Fastener Corp. 
Celanese Corp. of America 
Century Electric Co. 
Cerro de Pasco Sales Corp. 
‘hain Belt Co. 
Chase & Sons, Ine. 
Cherry Electrical Products Corp. 
Chicago-Allis Manufacturing Corp. 
( hicago Powdered Metal Products 
Co, 
hicago Rivet Machine Co. 
hicago Rawhide Mfg. Co. 
hilton Co. 
lad-Rex Corp. 
‘ircle F. Manufacturing Co. 
The Cleveland Graphite Bronze 
Co., Div. of Clevite Corp. 
The Cleveland Worm & Gear Co. 
Coating Products, Inc. 671 
Cobehn, Inc. 1060 
( olonial Alloys te | in' 587 
Colonial Rubber Co. 101] 
Columbus Bolt & Forging Co. 523 
The Commercial Shearing & 
Stamping Co. 733 
Conneaut Rubber & Plastic Co. 1011 
‘ontinental Diamond Fibre 
Corp. 1086, 1088 
Controls Co. of America 686, 688 
oors Porcelain Co. 689 
opper & Brass Research 
Association 926. 928 
‘corbin Cabinet Lock Div., The 
American Hardware Corp. 106 
‘orbin Hose Clamp Div., The 
American Hardware Corp. 106 
Corning Glass Works 822 
‘ounter and Control Corp. 581 
rane Packing Co. 555 
ross Mfg. Co. 1059 
‘rucible Steel Co. 
of America 772, 774, 780, 786, 788 
‘ullman Wheel Co. 655 
The Cuno Engineering Corp. 1033 
Curtiss-Wright Corp., Marquette 
Metal Products Div. 540, 544 
Cutler-Hammer, Inc. 681, 683 


ee 


Franklin Dales Co. 944 
The Dayton Rubber Co. 622, 668 
Dearborn Glass Co. 1026, 1028 
Delco Products Div.., 

General Motors Corp. 755 
Designers Metal Corp. 943 
Detroit Controls, Div. of American 

Radiator Standard Sanitary 

Corp. 455 
Diamond Chain Co., Inc. 886 
Diamonite Products Manufacturing 

Co., Div. of United States 

Ceramic Tile Co. 458 
Dixon Automatic Tool, Inc. 634 
Dixon Corp. 

Dixon Sintaloy, Inc. 

Dobeckmun Co. 

Dodge Manufacturing Corp. . 1077, 
Doehler-Jarvis Div., 

National Lead Co. 

Douglas Fir Plywood Association 


\ rest 7 
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Dow Chemical Co. 614 
Dow Corning Corp. 410 
Drawing Desk Co. 745 
Dresser Manufacturing Div. 1054 
Duff-Norton Co. 918 
E. I. du Pont de Nemours & Co 

Inc. 802, 804, 810, 812, 814, 901, 

903, 909, 911, 913 
Durakool-Hermaseal Companies, 

Inc. 954 
Durametallic Corp. 1062 
Durant Manufacturing Co. 1084 
Dynamic Gear Co., In 5] 


Eagle Signal Corp. 
Eastman Chemical Products, 

Inc. 
Eaton Manufacturing Co.., 

Dynamatic, Foundry, Reliance & 

Automotive Gear Div. 638, 737 
Ebert Electronics Corp. 325 
Elastic Stop Nut Corp. of America 
Electric Auto-Lite Co. 783 
Electrical Manufacturing . } 
Electro-Flex Heat, Inc. 
Electro Metallurgical Co., 

Union Carbide 

Corp. 701, 709, 713, 7 
Electro Snap Switch & Mfg. Co. 228 
Elgin Metalformers Corp. 767 
B. W. Elliott Mfg. Co., Inc. 924 
Encyclopaedia Britannica 426 
Eriez Manufacturing Co. 1050 


Div. of 


on, ew 
A. W. Faber-Castell Pencil Co., 
Inc. 
Fairmont Aluminum Corp., a Sub- 
sidiary of Cerro de Pasco Sales 
Corp. 980 
Fafnir Bearing Co. 646 


Fairbanks, Morse & Co. 704 


Falstrom Co. 667 
Farley & Loetscher Mfg. Co. 1024 
Farval Corp. 12] 
Fastex Div. of Illinois Tool 

Works 522, 524 


ELECTRICAL MANUFACTURING 














Faul & Timmins, Inc. 

Faultless Caster Corp 

Fawick Airflex Div., Fawick Corp. 

Fenwal, Inc. 

Ferry Cap & Set Screw Co. 

Flexible Shaft Div., Robertshaw- 
Fulton Controls Co. 

Flexonics Corp. 

Flodar Corp. 

Foote Bros. 
Corp. 


Gear and Machine 
Formsprag Co. 

Franklin Electric Co., Inc. 
Fromson Orban Co., Inc. 


—G 
Ihe Garlock Packing Co. 714 


Gast Manufacturing Corp. 1013 
General Controls Co. 585 
General Electric Co. 72, 874 
The General Fireproofing Co. 637 
The General Tire & Rubber Co. 624 
Gits Bros. Mfg. Co. 338 
Glass Laboratories 579 
The Globe Co., Products Div. 691 
B. F. Goodrich Aviation Products, 

a Div. of B. F. Goodrich Co. 103 
Gordos orp. 453 
Graham Transmissions, Inc. 149 
Grant Pulley & Hardware Corp. 480 
Gray Iron Founders’ Society, Inc. 972 
Gries Reproducer Corp. 850 
Groov-Pin Corp. 515 
Guardian Products Corp. 448 


Hamilton Manufacturing Co. 622 
Handy & Harman 206 
John Hassall, Inc. 946 
Haynes Stellite Co., Div. of Union 
Carbide Corp. 701, 709, 713, 717 
The Heim Co. 834 
Heli-Coil Corp. 1021 
Heyman Manufacturing Co. 545 
The Hilliard Corp. 862 
Hitchiner Manufacturing Co., Inc. 1046 
Hoke, Inc. 321 
Homestead Valve & Mfg. Co. 432 
Hoover Ball and Bearing Co. 663 
E. F. Houghton & Co. 950 
Howard Foundry Co 621, 623 
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Huck Manufacturing Co. 
Humphrey Products Div., 
General Gas Light Co. 

Hunter Spring Co. 

Hupp Aviation Co. 

Hyatt Bearings Div., 
General Motors Corp. 


Illinois Tool Works 

The Imperial Brass Mfg. Co. 

Improved Seamless Wire Co. 

The Indiana Steel Products Co. 

Industrial Equipment News 

Industrial Laboratories Publishing 
Co. 


The Industrial Press 

Industrial Products Suppliers 

Instrument Specialties Co., Inc. 

International Business Machines 
Corp. 

International Packings Corp. 


The Iron Age 


— J cma 
Janette Electric Mfg. Co. 
Janney Cylinder Co. 
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Kaiser Aluminum & Chemical Co. 
The Kaydon Engineering Corp. 
Kennametal, Inc. 


Keuffel & Esser Co. 
es 


L & L Manufacturing Co. 
L.O.F. Glass Fibers Co. 
Laminated Shim Co., Inc. 
The Lamson & Sessions Co. 
Lancaster Glass Corp. 
Landis & Gyr, Inc. 

La Salle Steel Co. 

G. H. Leland, Inc. 

Licon Div. of Illinois Tool 
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17] 
39 

187 
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1044 
1055 
127 
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209 


759 


818 
1053 
718 
817 
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Lignum-Vitae Products Corp. 

Linde Co., Div. of Union Carbide 
Corp. 701, 709, 713, 

The Linemaster Switch Corp. 


Link Belt Co. 983, 


Lord Manufacturing Co. 
Lovejoy Flexible Coupling Co. 


Machine Design 
Mac-It Screw Div., 

Strong, Carlisle & Hammond 
MacLean-Fogg Lock Nut Co. 
Magnaflux Corp. 

Mallory-Sharon Titanium Corp. 
Manheim Manufacturing & Belting 

Lo. 

Marathon Electric Mfg. Co. 
Marbon Chemical Div., 

Borg-Warner Corp. 

Marman Div., Aeroquip Corp. 

Martin Engineering Co. 

Marvel Engineering Co. 

The Masland Duraleather Co. 

Master Electric Co. Div. of Reli 
ance Electric and Engineering 

Co 611, 
Materials in Design Engineering 
Maurey Manufacturing Corp. 
Mayline Company, Inc. 

McGill Manufacturing Co., Inc. 
Mechanical Products, Inc. 
Meehanite Metal Corp. 

Metal Powder Association 
Metron Instrument Co. 

Michigan Tool Co. 

Micro Switch Div., Minneapolis 

Honevwell Regulator Co. 

Miller Electric Co. 
Miller Fluid Power Co., Div. of 

Flick-Reedy Corp. 839, 845, 
Minnesota Mining and Manufac- 

turing Co. 
Mono-Seal Products 


Morse Chain Co. 945, 


Multiple Extrusions, Inc. 
Mycalex Corp. of America 


aan 
National Lock Co. 
National Starch Products, Inc., 
Structural Products Div. 
National Vulcanized Fibre Co. 
New Departure Div., 
General Motors Corp. 
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479 
504 
33 


864 


444 
672 


974 
305 
1087 
956 
934 
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602 
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Continuously Tapped 


Autotransformer Refinements 


Permit Higher Ratings 


4. RUELLE 

Research Director 
ISOLA-SAFI Company 
Milan, Italy 


IN POWER APPLICATIONS, the principal 
means of a-c voltage regulation are 
the magnetic amplifier, the phase-shift- 
ing induction regulator and the run- 
ning-brush form of continuously-tapped 
autotransformer, each of which has 
inherent advantages and _ limitations. 
Practical power handling capacity, de- 
gree of wave-shape distortion, effect 
on power factor and speed of regu- 
lating response are primary considera- 
tions in comparing the merits of these 
methods of voltage control. 

For lower power levels, up to a few 
kva, the magnetic amplifier offers the 
attractive advantage of having no mov- 
ing parts and provides inherently rapid 
speed of response, but low power fac- 
tor and wave-shape distortion prohibit 
use at high power levels, particularly 
with high supply voltages. 
regulators offer continuous 
regulation, generally free of wave- 
shape distortion, but exhibit low power 
factor at high voltages. These regula- 
tors have moving parts of a form that 
do not create maintenance problems, 
but being massive do lead to a char- 
acteristically sluggish 
regulation. 


Induction 
stepless 


response in 


The continuously tapped autotrans- 
former of the type having a brush run- 
ning over a track on the winding ex- 
hibits high efficiency and power factor 
and is free of wave-shape distortion. 
Since the moving parts may be rela- 
tively small and are furthermore not 
exposed to magnetic forces as are the 
moving parts of the induction regula- 
tor, the regulation response may be 
quite rapid. The limitation of the con- 
tinuously tapped autotransformer to 
about 5 kva per phase maximum is 
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largely due to problems of commuta- 
tion sparking and brush overheating 
with attendant damage to the winding 
contact brush 
may be metallic. i.e.. low resistance. 


surfaces. The sliding 


only if turn-to-turn voltages and load 
currents are relatively low. With in- 
creased power rating the short-circuit- 
ing of adjacent turns by a low-resist- 
ance brush creates excessive heating in 
the winding. By employing higher 
resistance graphite brushes it is pos- 
sible to go to as high as 1.0 volt be- 
tween successive winding turns and to 
ratings of several kva per phase without 
excessive brush losses and heating. 
The advantages of the running-brush 


autotransformer 


regulator warranted 





9 

‘ rn 

| Brush : 3 
winding 

i y 
Fig. 1—Running-brush continuously tap- 


ped autotransformer with parallel contro] 
windings and current-limiting resistors 
for high power ratings. 


engineering development of refinements 
to permit higher ratings. One solution 
to the brush problem has been in suc- 
cessful use for several years by an 
Italian manufacturer.* Figure 1 is a 
schematic of the general principle em- 
ployed that makes it possible to use 


"Elettronica «.r.1., Rome, Ital 





Fig. 2—Single-phase form of running-brush voltage regulators developed in Italy. 
Rear view (right) shows winding taps and current-limiting resistors. 
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Three-phase unbalanced ing low resistance brushes on autotrans- 


= formers with ratings as high as 300 
Regulating winding se kva, continuously adjustable, three 

: eens ; phase. The regulating winding is 
formed of N parallel windings, each 
winding insulated from the others and 
having the same number of turns. The 
brush thickness is selected so as to 


x 
VV 


v 


rn 


span no more than N adjacent con- 
ductors at any time. All conductors 
in contact with the brush at a given 


x 


" 
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0 
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time will assume the same _ potential. 


\X) 
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The voltage differences between points 


a, b, c and d will produce circulating 
currents. but these are reduced and 
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made harmless by the series resistors. 





- — The latter are mounted externally so 

PaSNG Tae ee that the power dissipated in them does 

=e“ CenneerES — not affect the windings and the regu- 
lator internal temperatures. 

in the particular design shown, Fig. 

Fig. 3--Use of the new running-brush regulators for balancing of three-phase , 2. the winding is of vinyl acetal in- 

sulated rectangular wire, which saves 

space. The bared brush track is pro- 

duced by off-center turning of the 

regulating winding structure on a lathe, 

after the winding has been bonded with 

an oil-modified phenolic varnish. The 


Electric and Magnetic Properties of Precision = :w:hes are sintered copper containing 


i small percentage of graphite for 
Balls for Electromechanical Devices permanent lubrication. This results in 
brushes with low frictional and elec- 

trical resistance. 
EMMETT N. SHL TTS, Vice President, Engineering Department Regulators manufactured using these 
Hartrorp Steet Bart Co., Inc., Hartford 6, Connecticut design principles have given long 
maintenance-free service. They offer 
practically continuous voltage variation 
tenet ae under for such purposes as the balancing of 
Material contami Resistivity eontiiem unsymmetrical polyphase line voltages, 
: as by the circuit of Fig. 3. » Oo 

Copper 100% 1.72 microhm-cm None 


Gilding metal 55-60% 3.1 microhm-cm None 
Naval brass 25% 7.0 microhm-cm None 
10% Nickel silver | 8% 29.0 microhm-cm None 


sge ge 
Beryllium copper 17% 6.8 to 9.8 microhm-cm None to slight Modified Silicone 


K-Monel 58.30 microhm-cm — None Varnish Coating 
, For Printed 
Stainless Steel 


| | | s 8 
Type 440C 60.0 microhm-cm Yes Wiring Boards 


Type 302 72.0 misrohm-em ; None* . DONALD M. HUDSON, Project Engineer 


Soe STROMBERG-CARLSON Co, 
Type 316 74.0 microhm-cm None Rochester, N. Y. 


Inconel 98.1 microhm-cm None 


Cobenium 80.0 microhm-cm . 


——} 


None THE COATING OF printed wiring boards, 
<— = in the opinion of many engineers, is a 
— | iil iti iin necessary step toward final production 
a . aes of the component. This was made 
7075 5.75 microhm-cm None apparent at Stromberg-Carlson Co., 
- | moras ——-} - Rochester, N. Y., when printed wiring 
Kanigen coated 60.0 microhm-cm boards being tested by the Under- 
: ee. ; writers’ Laboratories failed the voltage 
breakdown test. 


Nylon 4.5 x 10/3 ohm-cm 
Glass | Two major reasons for voltage break- 
Pyrex brand 10'* ohm-cm 


None down between conductors are inade- 


Vyeor brand ; ‘et steeenn i: ‘es quate spacing between conductors for 
the voltage applied and low resistance 
between conductors. Therefore, two 


*May become slightly magnetic after col working. potential sources of trouble were in- 
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vestigated through the following pro- 
cedures and with the following con- 
clusions: 

Poor card design was not the cause 
of these failures. Therefore, elimina- 
tion of inadequate spacing left low 
resistance as the other major cause for 
failure. 

Low resistance may be caused by 
foreign material between conductors. 
composition of the base material, o1 
moisture. The base material, XXX-P 
phenolic, has an insulation resistance 
which is quite high, with a fair ar 
resistance. Since foreign material was 
not in evidence, only moisture was left 
as the cause of trouble. 


Coatings and Methods of Application 

The moisture causing breakdown was 
not in the form of water drops. but 
was caused by conditions over which 
there was no control. A moisture-proof 
coating applied to the printed wiring 
side of the card, over the conductors. 
appeared to be a practical solution to 
this problem. 

To test this possibility, a Class H. 
modified silicone, insulating varnish 
was selected. This coating can be air- 
dried or baked at low temperatures. 
It is flexible and has good bonding 
strength. It also has high heat. chem- 
ical and moisture resistance qualities 
which make it especially valuable as a 
protective coating for printed wiring 
cards on any base material. 

Tests performed by Stromberg-Carl- 
son engineering groups were quite re- 
vealing as to the complete protection 
offered by the modified silicone varnish. 
The most unusual test performed is de- 
scribed in the following: 

The test was conducted on an un- 
coated. 16-watt printed wiring ampli- 
fier. The completed printed wiring card 
was removed from the chassis but still 
connected to its own power supply and 
placed within 4 in. of a pan of boiling 
water. The unit was turned on and two 
conductors on the card arced over 
within 5 sec. The card was then re- 
moved from above the pan and dried. 
Carbon paths were then removed and 
the card was sprayed with one coat of 
the modified silicone varnish. It was 
permitted to air-dry for 30 min and 
then returned to its position above the 
boiling water. The power was again 
turned on and. after 5 hr of continuous 
running over the steam. the unit was 
removed from test, still in its original 
operating condition. The condensation 
on the board was so great that there 
was a copious water run-off. 

On identical patterns, with close to 
40 per cent RH, an uncoated pattern 
had d-c voltage breakdown occurring 
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between conductors spaced from 0.060 
in. to 0.125 in. at an average of 2000 
volts with 0.001 amp maximum avyail- 
able current. The voltage breakdown 
range was from 1600 to 2600. 

With the same patterns and under 
the same test conditions, with 0.001 
amp maximum current drain, one spray 
coat of modified silicone varnish was 
applied and air dried. This increased 
the d-c voltage breakdown point to an 
average of 4220, with an overall range 
from 3700 to 5000+. Through the var- 
nish coating alone, the breakdown vollt- 
age ranged from 2500 to 5000, with 
0.001 amp maximum drain. This test 
was performed as follows: 

1. A small piece of metal, attached 
to one electrode, was placed on top ot a 
coated conductor. 

2. The other electrode was attached 
to the conductor itself. 

3. The small metal plate was then 
moved from point to point. In this way 
a quick check was made on the cover- 
age obtained via spraying. The modi- 
fied silicone varnish used in the test 
was reduced 50 per cent with toluene 
for spraying. However, one test used a 
25 per cent reduction and found that 
there was no breakdown on the cards 
at 5000 volts, which was as high as the 
hi-pot test would show. 


Conclusions 

On the basis of these tests, new 
printed wiring boards emanating from 
this engineering being 
sprayed or dip-coated with one coat of 
modified silicone varnish. A 50 per cent 
reduction for spraying and a 25 per 


group are 


cent reduction for dipping are used. 
The coating should be applied im- 
mediately after dip-soldering to prevent 
the entrappment of moisture and for- 
eign material on the board. As the card 
is heated during the soldering process, 
present is driven off. 
Since most cards are cleaned after 
soldering, foreign material is removed, 


any moisture 


leaving a clean, dry card. 
characteristics of this 
varnish (15 min to handle and 30 min 
to dry hard) eliminate problems of 
forced drying, long curing periods and 
storage. 

Primary interest of this experimenta- 
tion was to overcome the humidity 
problem. However, through use of the 
modified varnish, additional 
benefits such as a shining, bright and 
clean looking finished appearance, re- 


Fast-drying 


silicone 


sistance to corrosion and oxidation, 
resistance to chemicals and_ their 
vapors, and heat insulation qualities 
were obtained. 

The material investigated and _ se- 
lected for this application is Ajax 
Modified Silicone Varnish developed 
by the Sherwin-Williams Co., Cleve- 
land. Ohio. OOoOCc 


Ultrasonic thickness gage provides non- 
destructive thickness 
cable quality control. 


measurement for 


Ultrasonic 

Thickness Gage 

Cuts Cost, 

Improves Cable Quality 


ARNOLD BOTTARI, Process Engineer 
Tue Oxonite Co., Passaic, New Jersey 


QUALITY CONTROL is a major factor in 
the production of wire and cable, par- 
ticularly in lead sheathed cable which 
may be required to withstand up to 
230,000 volts. It is essential that the 
thickness of the lead covering be ade- 
quate and uniform. 

Nondestructive testing is achieved at 
The Okonite Co. by means of an ultra- 
sonic thickness gage called Vidigage.* 
In this instrument (illustrated) an elec- 
tronic sweep generator applies a 1.5 
to 4 me sweep voltage to a ceramic 
transducer in contact with the sheathed 
cable. The same transducer is used to 
pick up the resonant frequency which 
is then indicated on a cathode ray 
tube display. The resonant frequency 
is a function of the type of material 
being tested and the thickness of the 
material. The wave length of the ap- 
plied frequencies in lead is approxi- 
mately 0.024 to 0.060 in. A suitable 
calibrated scale is superimposed on 
the face of the display tube and indi- 
cates thickness directly without calcu- 
lation or adjustment of dials. 

Accuracy of this system was checked 
against a conventional ball micrometer. 
Agreement is within +0.001 in. In 
actual « .eration, readings are taken at 
four points on the circumference of 
the cable. Average thickness as well as 
eccentricity is determined. This in- 
formation makes it possible to adjust 
the press to keep lead thickness within 
specified limits and at the same time 


avoid wasting lead. Oo 6 6 


* Manufactured by 
Stamford, Conn. Registered trade mark. 


Branson Instruments, Inc., 
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Timer Motor 
Silenced With 
Nylon Bearings 


lO KEEP NOISES FROM DEVELOPING 
after many years of service, the Lux 
Clock Company, Waterbury, Conn., has 
completely redesigned its synchronous 
motor for range timers. The sketch, Fig. 


|. shows the construction of the new 


Beoring spider 
spring 


Pole pieces 


Fig. 1—-New range-timer motor design, 
bottom, uses nylon bearings for freedom 
from noise and lubrication problems. 
Former design, top, employed 

sleeve bearings and oil reservoir. 


simple 


motor as well as that of its predeces- 
sor. By replacing the sintered bearing 
assembly with two 


precision-molded 
nylon bearings, the company has com- 


pletely eliminated a major source of 
complaints. Out of close to one million 
units shipped since May 1955, not a 
single motor has been rejected because 
of bearing failure. 

In order to assure perfect uniformity 
and accuracy, the tiny bearings are 
molded one at a time by Gries Repro- 
ducer Corporation, New Rochelle, N.Y. 
Because bearings are produced at a 
high molding speed (up to 40 per min) 
on fully automatic machinery, the unit 
cost is low. Many of the bearing di- 
mensions must be held within 0.002 
in., angular relationship within 14 deg.. 
concentricity within 0.004 in., and the 
bearing surface of the cone must be 
perfectly smooth. 

\ primary benefit of the new design 
is that it needs no lubrication. The 
former sintered bearings included a 
reservoir feeding oil to the shaft. Most 
lubricants, however, were adversely af- 
fected by the heat of the range, drying 
up or forming gummy residues with 
consequent bearing wear leading to 
audible “slap” in the unit or 
failure. 

Four-year life tests with a 
speed 


motor 


rotor 
of 600 rpm have shown no 
measurable wear of the nylon bearings. 
Viewed under a high-power microscope, 
the only difference between a newly 
received bearing and one in service 
latter has a 
highly polished bottom radius. 


Since 


for years is that the 


front and rear bearings are 
very much alike in design, confusion 
has been eliminated by using natural 


colored nylon for the spring-loaded 


Fig. 2—Nylon bearings and flexible metal spider used to hold bearings at one end 


of clock motor. 
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bearing, black for the stationary one. 
The stationary bearing is staked cold 
into the outside plate of the gear re- 
duction unit. The natural colored bear- 
ing is hot-staked into a flat steel 
spring, Fig. 2, which when assembled 
keeps the rotor shaft under just the 


right amount of compression for 


noiseless operation. 


New Coating 
Simplifies 

and Improves 
Aluminum Electrical 
Chassis Design 


\ HARD ANODIC COATING, showing wear 
resistance superior to hard chrome plate 
or case hardened steel, may be applied 
to all aluminum alloy surfaces. The 
coating possesses high film dielectric 
strength and excellent heat transfer 
properties on electrical chassis and 
components, 

The method of application of the 
film, developed by Anachrome Corpora- 
tion, South Gate, Cal., is called the 
“Hardas process.” This coating is the 
hardest film yet produced on aluminum 
that yields consistency to electrical 
and mechanical specifications. These 
hard coatings may be applied to all 
wrought, sand cast and die cast alloys. 
Since the coating is extremely hard, it 
is also brittle and will crack under 
certain conditions of stress and strain 
even though it remains strongly bonded 
to the base metal. 

The film is basically aluminum oxide 
and is integrally bonded to the base 
metal. Deposited coatings of more 
than 0.010 in. have been produced, 
although recommended _ thicknesses 
should be held between 0.002 and 0.004 
in. The recommendation is made be- 
cause a dimensional growth of about 
one-half the coating thickness may be 
expected. This film is strongly adherent 
to most alloys, especially those con- 
taining magnesium, and is an excellent 
base for paint adhesion. 

These hard coatings have proven to 
be good insulators, with good dielectric 
strength. As a proven nonconductor, 
some of the coatings have withstood 
20,000 volts without breakdown. At the 
same time, their resistance to heat is 
high, showing no evidence of change 
at 500 C after 15 min. 

These good insulating properties, 
coupled with a high rate of thermal 
dissipation, have helped solve a design 
problem in the mounting of electrical 
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components on aluminum chassis. The 
Hughes Aircraft Co. has applied these 
qualities to design of some of their 
new chassis by mounting power transis- 
tors and power rectifiers directly on 
the coated metal. In addition to dielec- 
tric strength, the heat transfer ability 
of the coatings increases efficiency of 
the power transistors and obviates use 


of silicone oil and mica washers. 


First Electric-Powered 
Firefighting Vehicle 


THEODORIC B. EDWARDS 
Chief, Firefighting Branch 

U. S. Army Encrneer Researcu & 
DEVELOPMENT LABORATORIES 

Fort Belvoir, Virginia 


\ NEW AUTOMATIC PUMPER TRAILER de- 
veloped by the Corps of Engineers’ 
Research and Development Laboratories 
for use at Army NIKE missile instal.- 
lations represents the first application 
of electric-powered pumps to a fire- 
fighting vehicle. The trailer fills a spe- 
cial and vital need for a mobile pres- 
surized water system capable of meeting 
emergencies at points more than 100 ft 
from permanent fire protection and 
decontamination equipment. Typical of 
accidental 
personnel with the 
liquid rocket propellants used in mis- 
siles. Showers on the trailer provide 
deluges of water to neutralize the 
chemicals instantly (Fig. 1). 


these emergencies is the 
contamination of 


Fig. | 
water supply. 


lo produce a system capable of start- 
ing immediately at remote points, an 
electric-powered pump was selected for 
the following reasons: 
already 
30-kw, 3-phase, 400 


a. Launching sites were 
equipped with a 
evele generator. 

b. This generator, of course, is used 
during missile operations. 

c. Most emergencies occur during 
these operations. 

The conventional gasoline-powered 
pump would not meet these require- 
ments since it would have to idle 
constantly and would necessitate con- 
stant maintenance and attendance. 

Consideration of the type of accidents 
likely to occur indicated that a capacity 
of 100 gpm at 100 psi was adequate for 
the trailer. A commercially available 
pump of this capacity was tested and 


Automatic pumper trailer used by Army at missile installations for emergency 


found suitable. A special 6-pole, 71% 
3-phase, 400-cps 
208-volt, 7660-rpm motor was then de- 


hp, squirrel-cage, 


veloped to drive each pump. The motor’s 
single shaft is supported on two ball 
bearings, with the pump impeller over- 
hung on the shaft. The pump casing is 
bolted rigidly to the motor end _ bell. 
\ single mechanical seal is provided 
between the pump and motor to make 
the unit highly compact (Fig. 2). 

The utilization of two motors sim- 
plifies electrical design and reduces the 
starting current. By staggering the 
starting of the motors with a time delay. 
the drag on the power supply is further 
reduced. 

Automatic Control. Several automatic 
starting methods were investigated be- 
fore a modified “dry pipe” system was 
adopted for the pumps. In this system, 


Fig. 2 (left)—-Integral motor and pump on emergency trailer is first instance of use of electric power on firefighting equipment. 


Fig. 3 (right) 


powered by 24-volt battery which is charged by 400-cycle generator at right. 
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Heater and heat exchanger (left) keep water for shower at body temperature. Heater fan and fuel pump are 
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TRANSISTORIZED 


V.R.P. S.* 


REGULATION (for line or load) 0.03% 
or 0.003 Volts (whichever is greater) 


RIPPLE 1 mv. rms. 
RECOVERY TIME 50 microseconds 


STABILITY (for 8 hours) 0.03% or 0.003 
Volts (whichever is greater) 


Tubeless. 


0.005% resolution with 10 turn 
voltage control. 

Continuously variably output voltage 
without switching. 

External overload and short circuit 
protection included. 

Either positive or negative 

can be grounded. 

Units can be series connected. 
Suitable for square wave pulsed loading. 
Power requirements: 105-125 volts, 
50-65 cycle. 400 cycle units available. 
Terminations on front and rear of unit. 
High efficiency. 

Low heat dissipation. 

Compact, light weight. 

Color: grey hammer tone. 

Suitable for bench or rack use. 
Voltmeter and ammeter provided. 


the most complete line 
of POWER SUPPLIES 


Output 
Impedance 


Output 
Volts 


SC-320.5 _ 
$C-32-1 





$¢-32-15 

2SC-32-1.5 

DUAL OUTPUT 
$C-32-25 











$C-32.10 
$¢-32:15 
2S¢-100-0.2 
DUAL OUTPUT 
SC-150-1 
SC-300-1 








INDEPENDENCE 1-7000 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED POWER 
SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TRANSISTOR AND TUBE 
TYPES. MOST MODELS AVAILABLE FROM STOCK. SEND FOR BROCHURE B-581 


Model 
: SC-32-0.5 
‘a 
a SC-32-1 
$C-32-1.5 
80-32-25 


Circle 151 on page 17 
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all pipes and hoses running from the 
vehicle tank to the missile launchers are 
kept full of air at a pressure of 12 psi 
by a small compressor. 

When a valve is opened anywhere in 
the system, the air is suddenly released 
and a pressure switch immediately 
starts the Closing the valve 
causes the pressure to rise, thus actuat- 
ing another pressure switch to stop the 
pumps. A float switch shuts off the 
pumps when the tank is empty and an 
over-ride control is provided to drain 
the piping system after cold weather 
use. The control system eliminates the 


pumps. 


necessity of providing an operator for 
the trailer. 

Water Heaters. The 400 gal of water 
carried on the vehicle must be main- 
tained at a temperature of 98 F for the 
decontamination of personnel subjected 
to acids. Electric heating, of course, 
would be ideal for this purpose. Studies 
showed, however, that sufficient power 
to keep the water heated was not avail- 
able an 


so automatic 


gasoline-fired 
heater that circulates ethylene glycol 
through a heat exchanger in the tank 
was used. 

This heater uses a 24-volt d-c forced 
draft fan and fuel pump. It is sup- 
plied with a battery charged by a 
500-watt. 3-phase, 400-cycle motor 
generator. Figure 3 shows this instal- 
lation. O00 


Meter Relay as 
Servo Component 


{ NEW CIRCUIT, unique for its simplic- 
ity, has been developed by Assembly 
Products, Inc., Chesterland, Ohio, for 
controlling the rate of change or mag- 
nitude of a given variable. Based on a 
meter relay action, the new design can 
be applied to any variable that can be 
measured electrically. The circuit is es- 
closed-loop 


sentially a pulse 


mechanism which can be programmed 


servo- 


Fig. 1—Meter relay unit acts as part of 
a closed-loop servo to control any variable 


which can be measured electrically. 
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Fig. 2—Block diagram of typical 
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Schematic of meter relay. Two signal coils in the meter are connected ad- 


ditively so that meter movement actually indicates sum of signals. 


by cams, punched tape or any other 
similar method. 

The meter relay as a control element 
has the advantage of being absolute 
and direct without the distortion or drift 
which often result from electronic am- 
plifiers. At the time, the meter 
relay retains its familiar advantages of 
providing indication and _per- 
mitting easy adjustment of signal limits. 

The meter relay used (Fig. 1) is a 


same 


signal 


differential device with two moving coils 
instead of the usual one, but with only 
one moving pointer. Depending on the 
way in which the coils are connected, 
the indicating pointer can be made to 
show either the sum or the difference 
of the two signals. The meter relay also 
has two adjustable pointers which are 
preset at high and low signal limits. 
The unit can thus act as the compari- 
son device necessary to any servo. That 
is, the two input signals can be com- 
pared, either by adding them or sub- 
tracting them; and, if the result is 
above or below the prescribed limits, a 
controlling error signal can be trans- 
mitted to another device to correct the 
condition. 

A block diagram of a typical applica- 
tion of the new meter relay design is 
shown in Fig. 2. In this circuit a bias 
signal is used to control a machining 
operation and the feedback signal is an 
a-c indication of the drive motor arma- 
ture current. In this particular device a 
further refinement is introduced in that 
two speeds of operation are desired: a 
low speed for the first half of the ma- 


chining cycle and then a high speed to 
complete the work. The schematic dia- 
gram of the meter relay and the asso- 
ciated controls is shown in Fig. 3. 
The bias signal is obtained from a 
25-ohm potentiometer which is driven 
by a timing motor TM. At the begin- 
ning of the machining cycle, the start 
button is pressed and the timing motor 
is energized to start decreasing the bias 
voltage. At the same time, relay R1 is 
energized so that, when the bias is re- 
duced and the sum of the two signals 
falls to the limit, a circuit is 
completed through the lower limit con- 
tact to relay R2. The energizing of R2 
sends a signal to the controller to drive 
the motor 


lower 


and thus increase the feed- 
back signal. Relay R2 has a normally 
closed contact in series with its coil so 
that it remains energized only momen- 
tarily, thus making the signal sent to 
the controller a pulsing rather than a 
steady signal. The length of the pulses 
is controlled by the size of the capacitor 
which is placed across the relay coil to 
delay its dropout. 

The feedback current increases at the 
same rate that the bias signal decreases 
until the first phase of the cycle is com- 
plete. A normally open contact on the 
timing motor then closes to shift the 
drive motor to high speed. The machin- 
ing operation then continues at high 
speed until the upper limit contact on 
the meter relay is closed, energizing R3, 
and thus de-energizing the timing motor 
which automatically 
the next cycle. 


resets to zero for 
OOO 
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Series 1200 Relay 


A small size highly efficient 
medium power relay rated at 8 
amperes, 60 cycles, 115 volts 
non-inductive load. Heavy sol- 
der lug type terminals are 
molded in phenolic block with 
barriers for over-surface insu- 
lation. Built to meet U/L speci- 
fications. Size: 15¢"x1"x114”". 
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GUARDIAN 


FEATURES 
THE NEW 


Series 1210 Relay 


IN UNIQUE 
PLASTIC CASE 


Series 1210 with Dust-Tight Case 


1200/1200 Interlock 


Used to maintain circuits con- 
tinuously without coil power 
consumption. Unit is electri- 
cally pulse operated with 
mechanical hold and electrical 
release. Contacts rated at 8 
amperes, 60 cycles, 115 volts, 
non-inductive load. Size: 274"x 
113%6"x1 34”. 


This popular small-size medium power relay in its new type special plastic 
enclosure provides dust-free efficient operation for a variety of applications. 
Resists temperatures up to 200° F., is unaffected by weather. Case is trans- 
parent and possesses high impact strength. Relay is available enclosed with 
8-pin octal plug for D.P.D.T., and 11-pin octal plug for 3 P.D.T. Contacts are 
rated at 8 amperes, 60 cycles, 115 volts non-inductive load. Size: 2734” x 
134” x 13%". Arrange for a production sample. 


Guardian Powerloid 
Series 1410 for control of 230 
volt A.C. loads up to 3 H.P. 
motors and 8400 watt heater 
loads. Totally enclosed. Low 


Guardian Power Relay 
Series 2100-U 25 Ampere Power 
Relay with interchangeable coil 
and contact assemblies. No sol- 
der connections required. Built 
to U/L specifications. 


Guardian Impulse Ratchet 


Ratchet type on-off relay. 
Each momentary impulse 


causes relay to reverse the “ 


position of its cam operated 


Guardian M.E.R. Stepper 
Assures positive reset on a 
pulse as short as 1/100 
second. Capable of counting 
in groups up to 21, then resets 


contacts. automatically. 


IN STOCK at Your Nearby Guardian Franchised Industrial Distributor « Write for details 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 
1627-D W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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Selector 


—SJ 


Fig. 1—Punch press for fabricating small, pre-printed containers with equipment for 


automatic registration installed. 


Complete System for 
Registration Control 


IN THE MANUFACTURE OF lightweight 
containers such as those used in the 
packaging of frozen food products, the 
ability to use pre-lithographed or pre- 
printed continuous rolls of raw ma- 
terial rather than 


advantageous for many reasons. 


sheets is highly 
Among 
the latter are: lower initial cost for the 
material: easier handling and storage: 
elimination of trimming 


and greatly increased pro- 


expensive 
operations: 
duction per hour per machine. Weighed 
against these advantages, of course. is 
the necessity for accurately registering 
the punching operation to the printing 
on the roll. Machine O’Matic, Inc.. 
Chicago, Illinois, has developed a com- 
plete system consisting of all of the 
electrical and mechanical components 
necessary to achieve accurate registra 
tion control. The components, shown 
in Fig. 1 in a typical application, are 


Selector 


Correction 
motor and 
transmission 


Mochine 


Fig. 2—Block 


control system. 


diagram of registration 
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designed to work with each other. are 
simple to install on existing machinery 
and are easily operated and maintained. 

The system uses a photoelectric cell 
to scan the printed images on the raw 
material and a selector switch to give 
an indication of the machine’s position 
in the evele. As shown in the block 
diagram of Fig. 2. these two signals are 
fed to an amplifier where they are com 
pared and the difference. if any, is 
amplified. The amplified error is then 
used to reposition the feed roll to 
correct the register. In some installa- 
tions the correction transmission to ad- 
vance or retard the stroke is attached 
to the cutting machine rather than to 
the feed roll. O ¢ 


Finished Commutators 
Plated for Longer Wear 


\ NEW RHODIUM PLATING 
commutator segments has been devel- 
oped by Dalic Metachemical, Ltd., of 
Toronto. It is claimed that the process, 
which takes seconds to perform, pro- 


METHOD OF 


longs rotary-machine life and also re- 
duces radio interference resulting from 
commutation and power consumption 
The procedure is particularly advan 
tageous in that it is fast and inexpen 
sive, and because commutators may be 
treated without having to immerse the 
entire armature in a corrosive plating 
solution. The new process thus avoids 
the danger of damaging the windings 

The one major piece of equipment 
needed for Dalic plating is a special 
rectifier with a voltage regulator de- 
signed for close control of the plating 
current. The rectifier cathode is con- 
nected to a small lathe in which the 
armature is rotated. The other rectifier 
lead has a special plating stylus fitted 
with a pure graphite anode. The latter 
is wrapped in cotton and dipped in the 
proper plating solution. With the cur- 
rent on, the wet anode is swabbed over 
the area to be plated. and immediately 
highly cohesive non-porous deposits of 
metal are obtained. Thickness of de- 
posit depends directly on plating time 
and current, indicated precisely by a 
finely graduated ampere-hour meter on 
the rectifier. Deposits of any reasonable 
thickness may be obtained with an ac- 
curacy of + 5 per cent. 

Tests were run on d-c motors that 
were showing excessive brush wear and 


current demand under load, brush arc- 


Plating small armature commutator using process and equipment developed by Dalic 


Metachemical, Ltd. 


ELECTRICAL MANUFACTURING 





APRIL 1958 


When You Nea 


Relia ‘€odttol 


5 5 
“soe 
AGRE) CONTACT ‘OPEN 


COIL ~11Sv. 3B-60 CY 
CLEBART IND 4 © LOAD 
30 AMP an ba 


20 
THE ADAMS & we sTLAKE co, 


7 ae 
YouNeed <f ~~ 


Adlake 


muy - i relays 


List what you like and don’t like ~ a switch, 
then see how Adlake meets your need 


e Immune to vibration 
e Perfect snap-action—no burning, pitting or sticking 


e No intrusion of dust, dirt or moisture—hermetically sealed 
at the factory 


e Time delay characteristics fixed and non-adjustable 

e Quiet. Chatterless. Require no maintenance whatever. 

Our engineers will gladly help you with your control problems. 
No obligation. Just write the original and largest maker of 
plunger-type relays—THE Apams & WESTLAKE COMPANY, 
1168 N. Michigan, Elkhart, Ind. - New York + Chicago 
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Adlake No. 1140 
Plunger-Type Relay: -< 
Normally ee « Quick nobis 


DE-ENERGIZED 
Plunger P is floating in mercury M. 
External circuit is open because main 
body of mercury M is below lip of 
ceramic cup CC. 


ENERGIZED 

Coil C pulls plunger P down into 
mercury M. Mercury thus displaced 
completely covers ceramic cup CC 
filled with mercury. This establishes 
mercury-to-mercury contact between 
electrodes E and EE, 





DESIGN TRENDS 


ing and premature commutator wear. 
The commutators of one group of these 
motors were rhodium plated, but not 
those of otherwise identical control- 
sample motors. The rhodium plate 
thickness was 0.00005 in. on commuta- 
tors 1.25 in. diam; it was subsequently 
found that half the amount of plating 
was adequate. Improvements in the 
performance of the motors with plated 
commutators were immediately notice- 
able. The commutator temperature of 
i plated unit was 240 C as against 
300 C for the unplated. Radio interfer- 
ence was greatly reduced and arma- 
ture current under load was reduced by 
as rauch as 12 per cent for the plated- 
commutator motors. Typical wear of 
an unplated commutator after 168 hr of 
service was found to be 0.030 in. as 
compared with no measurable wear of 
the plated commutators after 600 hr. 
The reduction of wear of brushes 
achieved by the plating process is so 
marked that it has been found neces- 


Microminiaturization of Electronic Parts 


NOVEL CONCEPT for miniaturizing elec- 
tronic parts and subassemblies utilizes 
photolithographic process and evapora- 
tion technique to form transistors and 
other components directly on ceramic 
printed circuit boards. 

Diamond Ordnance Fuze Laboratories 
was honored for this development by 
being given the First Annual Miniaturi- 


germanium wafer is soldered to a metal 
plate inserted in an 80-mil hole in a 
20-mil printed circuit board. Alumi- 
num leads are vacuum deposited to 
connect the wiring on the board to 
base and emitter contacts on the tran- 
sistor. Photoresist provides insulation 
and protects the transistor surface. 


sary to perform the usual brush “run- 
in” before plating the commutator. 


Applying the Hall Effect to 
Practical Magnet Testing 


(Continued from page 136) 


and calibration. (8) Here the most important character- 
istics are repeatable results over an unlimited time 
rather than absolute measurements. The cross-current i 
sent through the Hall generator, therefore, has to be 
stabilized and kept low in order to prevent a warm-up 
of the probe. Imbedding the probe in a yoke or any other 
metal mounting, however, will permit exceeding the 
normal current rating without drift. Both open circuit 
tests and measurements in specified air-gaps are possible. 
The gaussmeter relay may operate simple indication 
lights or complete selector devices, eliminating human 
fatigue and error. 

An example for a semi-automatic setup and the pro- 
cedure for a simp!e calibration method is given in Fig. 14. 

Another example is automatic recording or counting 
the distribution of magnetic properties within given 
specifications. The normal magnetic tolerance of per- 
manent magnets is given by magnet producers as +5 
to 7 per cent. In some difficult cases it may be more, in 
others less, but it is always important to know what the 
distribution of the properties will be. In one setup for 
this application, a Hall generator operates a proper milli- 
voltmeter with light beam and a group of small photo- 
electric cells is placed within the selected range, each cell 
connected to a separate photoelectric relay. These relays 
then engage simple counters, while a blocking device 
insures that only the last counter shifts. 

Application of the Hall effect for other than direct 
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Printer resistors and printed capac- 


zation Award sponsored by Miniature itors plus diodes make up rest of 
Precision Bearings, Inc. on March 23. 
In the new technique. a 10-mil thick 


binary counter stage illustrated at left 
above. OC 


magnetic measurements or combinations other than those 
shown above is nearly unlimited. The method shown in 
Fig. 15, for measuring direct current without current 
interruption, is one example. The new reliable Hall 
generators and magnetoresistors make possible simple 
accurate devices which were previously thought to be 
impractical. * OOO 


*At least one major motor manufacturer i vi iou ought to 
Hall probes in the air gaps of rotating device 
elements.—Ed 


placing 
feedback control 
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for instruments, timing devices, 


control apparatus and similar applications 


USE BODINE K-2 MOTORS 


...they’re small, only 2%” high 
instantly reversible 
totally enclosed 


Y2000 to Ys0o horsepower 


This Bodine Type K-2, ball bearing motor is among the smallest distributed- 
wound motors manufactured today. It’s ideal for those ‘‘hard-to-get-at and 
out-of-the-way” installations because of its small size and extreme dependability. 
It delivers considerably more power than “‘clock-type” motors, and it’s particu- 
larly well-suited for powering instruments, timers, controls ...and similar 


equipment requiring relatively low output, and steady, trouble-free service. 


Bodine K-2 motors are available synchronous, or nonsynchronous . . . and with 
or without speed reducers. Speed reducer models have high starting torque of 


not less than 150% of full load torque at room temperature. 


Write for bulletin 1024A, fe 
‘Bodine Type K-2 Motors’’. . . bulletin 10238, /@= 


‘Bodine Parallel Shaft Speed Reducer Motors"’ 


BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12 


BODINE 


relat i-di1>) mA 
/ horsepower 


MOTORS 


.»-the power behind the leading products 


The Bodine line includes 265 different stock types and sizes ready for fast shipment. 
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. third of a series 


How to make 
motors last 
longer 


Careful maintenance is the 
best and least expensive 
way of getting dependable 
service and long life from 
your fractional horsepower 
electric motors. Here are 
maintenance suggestions: 


Be sure loads do not lock on 
reducer motors. Provide a 
friction clutch if there is 
any possibility that the 
driven shaft may be locked. 
Such locking will quickly 
build up a_ tremendous 
force within the reducer 
gears... causing them to 
strip or break. If you must 
use a flywheel, attach it to 
an extended high-speed 
motor shaft, not a lou 

speed shaft. If a flywheel is 
attached to a low-speed 
shaft, it tends to keep this 
shaft turning after the 
motor has stopped. . . with 
the same effect as locking 
the driven shaft. 


Be sure your motor is properly 
rated for its job. If it is nec- 
essary to move your motor 
from one job to another... 
or to operate it continuously 
where previously you have 
been running it for short 
periods of time, be sure it 
is rated properly. For ex- 
ample, one type of motor 
is rated for intermittent 
duty because the tempera- 
ture rise within the motor 
will not be excessive. If you 
put this same motor on a 
continuous duty applica- 
tion, there will be an ex- 
cessive temperature rise 
which will burn out the 
motor...or at least 
deteriorate the insulation. 


Free copies of 

article on temperature 
rise measurements 
available 


Three of the fundamental 
methods for temperature 
rise determinations set up 
by the American Institute 
of Electrical Engineers are 
discussed in the latest issue 
of “The Motorgram,” a 
bimonthly publication. 
Copies are available on 
request. 





Ne vw 
Components 


and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


SILICON DIODES FEATURE 
OPTIMUM CHARACTERISTICS 


High current silicon pigtail diodes 
Series 1N536 through 1N540 feature 
good forward and reverse characteris- 
tics, resulting in high rectification, eff- 
ciency. They are rated at 750 ma at 50 
C, and 250 ma at 150 C ambient, with 
peak inverse voltage ratings of 50, 100, 
200, 300 and 400 volts. Maximum full 
load average voltage drop is 0.5 volts. 
Maximum leakage current is 0.4 ma 
(Full cycle average at 150 C.) The 
typical diode characteristics are within 
these specified maximum values. 
These fused junction diodes, featur- 
ing all-welded. hermetically-sealed 
shock-proof housings with pigtail leads 
welded to the terminals, are used in 
computers, magnetic amplifiers, power 
supplies, airborne electronic equipment 
and other applications where miniaturi- 
zation and high temperature operation 


are required. They can be operated in 
-65 C to 

165 C. and may be stored at —65 C 
to -++-175 C. International Rectifier 
Corp., 1521 E. Grand Ave., El Segundo. 
Calif. 
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ambient temperatures from 


SWITCHING REACTORS 


Switching action in these reactors is 
based on impedance changes, eliminat- 
ing contacts and moving parts used 
on conventional relay systems. Multi- 
ple purpose control coils enable the 
reactors to translate inputs to plain 
logic operations through external con- 
nections to normal control voltages. 

These units can be used as basic 
control components to drive such loads 
as solenoid valves, motor contactors, 
magnetic clutches and annunciator in- 
dicator or alarm systems. 

Other features are: they serve as 
replacements for relay systems; oper- 
ation is static; inherent power switch- 
10,000 to 1 for “off” 
to “on” states; control windings are 
provided for logic control 
coils permit zero to maximum output 
with 20 ma of control, but each wind- 
ing can withstand 80 ma; no pream- 


ing ratios are 


inputs; 


plifier is required for control signals. 

The 8 models of switching reactors 
are offered in 4 nominal volt-amp 
ratings of 15, 75, 150 and 300 for 
switching either a-c or d-c loads. One 


“family,” with the above VA ratings, 


af 


operates directly from nominal supply 
voltages; the other delivers standard 
load voltages. Control, Div. of Mag- 
netics, Inc., Butler, Pa, 
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THERMAL TIME DELAY 
RELAYS 


Positive acting “D” series thermal time 
delay relay (right) is designed with 
octal base for time delays from 5 to 
90 sec. Applicable for industrial or com- 
mercial uses, the dust-tight unit incor- 
porates SPST normally open or normal- 
ly closed contacts rated at 2 amp 120 
volts a-c or 1 amp 32 volts d-c resistive 
loads. Ambient temperature compen- 
sated for operation from 0 to 85 ¢ 
Standard heater voltage 6.3, 26.5 or 117 
volts nominal a-c or d-c. 

“H” series thermal time delay relays 
are designed for airborne, computer, 


missile and other military applications 
to operate under vibration from 0 to 500 
cps at 10 g and shock up to 50 g. 
Factory preset from 3 sec to 3 min 
the relay will operate at altitudes to 
70,000 ft. Ambient temperature compen- 
sated from —65 to 125 C. The SPS1 
normally open or normally closed con- 
tacts are rated at 3 amp 120 volts a- 


or 2 amp 32 volts d-c resistive loads. 


Heater voltages from 5 to 125 volts a-« 
or d-c. Standard 6.3, 26.5 or 117 volts. 
Electronics Div., Curtiss-Wright Corp.. 
631 Central Ave., Carlstadt, N. J. 
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TEFLON 100-X AVAILABLE 
FOR HIGH TEMPERATURE 
WIRES 

High temperature wires using Teflon 
100-X are available as both primary 
insulation and jacketing material. These 
wires have been field tested in a variety 
of applications and exhibit most physi- 
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SENSATIONAL PANDJIRIS 
PRODUCTION WELDER 


Fully Equipped with Cutler-Hammer Control 


Typical of the broad trend to automation and the advanced en- 
gineering which makes it possible is the new Pandjiris AUTO- 
WELD-MATON* transfer type production welder for the 
manufacture of rock bits. Typical of automation projects, its very 
heart is a complex system of electrical control equipment. And 
typical of the best in engineering, this control equipment is 100% 
Cutler-Hammer. 

The Pandjiris Weldment Co., St. Louis, Missouri, has long been 
a leader in the design and manufacture of production welding 
equipment, positioners, turning rolls, weld-evators, head manipu- 
lators, etc., as well as the spectacular Pandjiris AUTO-WELD- 
MATONS custom engineered to specific mass production re- 
quirements. Dependable performance built the Pandjiris 
reputation and Cutler-Hammer is proud that Cutler-Hammer 
Three-Star Motor Control and Cutler-Hammer Heavy Duty Oil 
Tight Pushbuttons are furnished as standard original equipment 
on all Pandjiris machines. CUTLER-HAMMER Inc., 1264 St. 
Paul Avenue, Milwaukee 1, Wisconsin. Associate: Canadian 


Cutler-Hammer, Ltd., Toronto. 
*AUTO-WELD-MATON is a Pandjiris Weldment Co. Trademark 
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The electrical control cubicle contains all 
the Cutler-Hammer Three-Star Control 
components which control each machine 
motion. 
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STROMBERG -CARLSON 


aap 


TVA CLEC TEU 
automatic interlock 


In such precision operations as auto- 
mation programming, you can now 
eliminate the risk of pushing more 
than a single button at a time. 

This new interlock feature is based 
on a simple arrangement of sliding 
cams. Only one button at a time can 
be depressed. This feature is available 
in all multiple-pushbutton assemblies 
(7, 10, 12 and 20 button arrange- 
ments). 

All “telephone-quality” advantages 
of Stromberg-Carlson keys continue 
as before. You may apply “make,” 
“break,” “break-make” and “make- 
before-break” combinations as_re- 
quired. You get standard spring com- 
binations with Form A, C or D con- 
tacts—or you may order special strips 
of keys with intermixed contacts. 

Buttons are available in white or 
colors—blank or with letter or number 
designations. 

For complete techni- 
cal data on Stromberg- 

Carlson Key Switches 
send for our illustrated 
Bulletin T-5002R. 


ae 
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STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


Telecommunication Industrial Sales 
117 Carlson Road, Rochester 3, N. Y. 


Electronic and communication products for 
home, industry and defense 
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| cal, electrical and chemical character- 


istics of conventional extruded Teflon-6 
wires, but unlike the latter they are 


| available in long. continuous lengths. 


Where Teflon 100-X is used as pri- 
mary insulation the wires meet all the 
requirements of MIL-W-16878, Type E. 
Currently this construction is 
evaluated against MIL-W-7139. 

Also available is Turbo Tefsil, which 
uses a Teflon 100-X jacket over thin- 
walled silicone rubber insulation. This 


being 


| combination of materials operates con- 
| tinuously at 250 C and has intermittent 


service life at 300 C. Its insulation re- 
sistance is in excess of 100,000 meg- 


| ohms per 1000 ft. William Brand & 


Co.. Inc.. Willimantic. Conn. 
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FOAM-IN-PLACE EPOXY 
COMPOUNDS 


Newly-developed foam-in-place potting 
compounds are available in two forms: 
Sealfoam 601 is a two-component liquid 
which, when mixed in proper propor- 
tions and heated, will expand and cure 
to rigid, closed-cell structure with good 
-lectrical characteristics and mechanical 
strength. This compound protects com- 
ponents from moisture, fungus, vibra- 
tion and shock loading. 

Sealfoam 603 is a single-component, 
free-flowing powdered material which 
requires the relatively low foaming tem- 
perature of 175 F. The cured material 
has a compressive strength of 110 psi, 
maintains good electrical 
even at 350 F and is also a good thermal 


resistivity 


insulator. 

When used with an appropriate re- 
lease film, 603 can readily be foamed 
into molded shapes. Without a film, it 
adheres well to most surfaces, assuring 
good support for foam-encapsulated re- 
sistors, capacitors, etc. It foams to a 
density of 7 lb per cu ft or expands 
from 4 to 5 times its loose powder 
volume. No proportioning or mixing is 
necessary. Minneapolis-Honeywell Reg- 
ulator Co., 2753 4th Ave. So., Minne- 


apolis 8, Minn. 
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MAGNETIC-PARTICLE 
CLUTCH 


Magnetic-particle clutch was developed 
for use in high-response servo systems 
and is suitable for a large number of 
applications, such as low-inertia absorp- 
tion dynamometers, brakes, disconnects, 
variable-torque-limiting devices and ten- 
sion devices. 

Principal advantages are: high 
residual 
torque; low excitation power require- 


torque-to-inertia ratio; low 


ment at full torque output; smooth, 


chatter-free output; constant _ per- 


SHELL 


COIL AIR GAP ,CLUTCH DISK 
jf 


LARGE SPUR GEAR 


BEARINGS 


MOUNTING FLANGE 


formance under environmental ex- 


tremes; simple design with windings 
available for a wide range of voltages 
from 1 to 200 volts; and low drag 
torque. 

The clutch-coupling medium is a 


magnetic-particle mixture contained 
within the gap between the continuously 
rotating clutch body and a low-inertia 
output member. Energizing the clutch 
with d-c causes the magnetic particles 
to span the gap with multiple particle 
chains, the shear strength of the cou- 
pling being proportional to the excita- 
tion current 

Under a slipping condition, the slip- 
page takes place in the center of the 
particle gap only, with an immobile lay- 
er of particles protecting each clutch 
surface. Clutch parts are thus free from 
the wear normally resulting from slip- 
page. Lear, Inc., Grand Rapids, Mich. 
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HIGH TEMPERATURE EPOXY 
RESINS 


Three high temperature epoxy resins 
have been added to the “Scotcheast” 
line of electrical insulating resins. The 
resins were developed to operate at 
elevated temperatures and have been 
used successfully in electronic compo- 
nents where continuous temperatures 
as high as 400 F have been encoun- 
tered. 

The resin family includes: Resin No. 
250—a two-part, rigid unfilled elec- 
trical insulating resin suitable for nor- 
mal application of impregnation and 
embedment. It has a low viscosity 
(about 10 cps at 200 F) permitting 
complete impregnation, a short cure 
time (250 F for 2 hr) and a long pot 
life (3 to 4 days). Resin No. 25] 

a filled version of No. 250, recom- 
mended for casting, impregnating 
and encapsulating applications where 
greater structural strength is desired. 
Resin No. 252 has physical and electri- 
cal properties similar to the other res- 
ins, but is formulated specifically for 
filled 


thixotropic resin which has proved to 


dipping applications. It is a 
smooth out as an even resin coat when 
proper dipping procedures are used. 


All three have an ASTM heat dis- 
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Dines Without Interruption 


qe 


Typical insulator and insulating 
bolts used on power shovels. 
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You are looking at 3 million dollars’ 
worth of power shovel, a 14-story 
monster capable of biting off 70 
cubic yards of dirt at a clip. 
Continuous operation is essential 
because downtime on a shovel of 
this size could top 500 dollars an 
hour. Reliability is shared by many 
interrelated parts. Some are made 
of Synthane laminated plastics. 
Why Synthane? Because Synthane 
laminated plastics have the right 
combination of properties—dielec- 
tric strength, mechanical strength, 
and ease of machining. And Synthane 
uses only first-quality raw materials, 
watches every step in the produc- 
tion and fabrication of the laminate, 
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is deeply concerned about delivery 
requirements. 

Good materials, competent peo- 
ple, excellent tools and workman- 
ship may not guarantee reliability 
but they’re strong assurance of it. 


If you are interested in a reliable 
source of laminated plastics—sheets, 
rods, tubes, or completely fabri- 
cated parts, write for an interesting 
catalog or call our representative 
near you. 


SYNTHANE 


SYNTHANE CORPORATION, 17 RIVER RD., OAKS, PA. 
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WE/GO 


STRAIN RELIEF 
BUSHINGS 


insulate & Anchor 
power supply cords 


, standard 
& special 
wires & 
cables— 
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ss ed -< 
+s ae ~ 


Protect the life line of 
your electrical products' 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples. 
HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


_ GY 
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tortion point at 125 C and a weight 


loss after heat aging of 3.5 per cent 
| after 1000 hr at 220 C. They have a 


dielectric strength of 525 vpm (14-in. 
thickness) and a surface arc resistance 
of 77 sec. Water absorption is 0.25 per 
cent after 240 hr at room temperature. 
Minnesota Mining and Manufacturing 


Co., 900 Bush St., St. Paul 6, Minn. 
Circle No. 507, Reader Inquiry Service Cards 
on page 


HIGH RELIABILITY 
POTENTIOMETERS 


Combining high temperature operation 
with long load life, these high reliability 


| precision potentiometers have been lab- 
| oratory and field tested for nearly two 
| years. All 8 standard resistance values 


(100 to 25,000 ohms) are manufactured 


| with 20 ppm resistance wire and can 
| dissipate more than 1% watt at 125 C for 
| more than 2000 hr. 


ae 
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Two basic 7% in. diam models, Types 
118F (bronze bearings) and 118H (ball 


| bearings) are available as stock items, 


while many different modifications are 


| available as custom items. Both models 


feature linearities to +0.25 per cent 


for all resistance values, up to 9 taps 


to +0.5 degree, and precision-machined 
| metal housings. 


Environmental specifications include 
100 megohms insulation resistance after 
10 day humidity test and less than 100 
ohms resistance between contact and 
winding during and after vibration and 
shock tests. Carter Manufacturing 
Corp., 23 Washington St., Hudson, 
Mass. 
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SILICONE RUBBER TAPES 
WITH HIGH OIL AND 
WATER RESISTANCE 


Line of Nova- 


bestos sheets and tapes was designed 


silicone-rubber-coated 


for use as primary and secondary in- 
sulation in shipboard cables and other 
types ot power cables. 

Supplied in two styles, 7526 and 
7527, they will withstand greater shock 
vibration and abuse than glass-cloth- 


base tapes, as well as providing a 15 to 


30 per cent saving in unit-area cost. 
They have good resistance to dry baking 
heat and good oil and moisture resist- 
ance. The insulation stays together after 
severe flame exposure. 

Style 7526 Novabestos is supported 
with parallel strands of glass yarn 
which provide a uni-directional tensile 
of 75 lb per in. of width. This is more 
than adequate for efficient taping head 
application. Style 7527 is reinforced 
with a glass scrim providing a length- 
wise tensile of 75 lb and a crosswise 
tensile of 50 lb per in. of width. Style 
7526 can be overlapped, while style 
7527 must be butt-wrapped. 

Composition of the Novabestos base 
sheet is 75-80 per cent asbestos fiber 
and 12-20 per cent glass fiber. The 


asbestos fiber reinforces the silicone 

rubber and will hold the insulation to- 

gether after severe flame exposure. 
Styles 7526 and Novabestos 


have good moisture resistance. 


7527 
tapes 
averaging 400 vpm over a temperature 
range of 30 to 125 C. After 96 hr at 
96 per cent relative humidity, the dielec- 
tric strength still averaged 250 vpm 
After 22 hr immersion at room tem- 
perature (ASTM procedure), the diele« 
tric strength averaged 430 vpm and the 
weight gain averaged only 6.1 per cent. 
Style 7527 is currently being tested for 
use in the windings of dry transformers 
Raybestos Manhattan, Inc., Asbestos 


Textile Div.. Manheim, Pa. 
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MICRO-MINIATURE 
TANTALYTIC CAPACITORS 


Line of slug-type micro-miniature ta) 


talytic permits higher pf 


ratings than can be obtained by wire- 


capacitors 
type units with the same case siz 
[he capacitors are normally enclosed 
in a Mylar sleeve which affords good 
insulating qualities. 

The capacitors are designed for low 
voltage transistor applications where 
high microfarad 
in small 


values are required 
spaces. They will operate 


over a temperature range of —20 C to 


ELECTRICAL MANUFACTURING 





From FANS TEEL 


Fansteel’s new facilities can now produce 11 times more 
tantalum capacitors than were produced in the United 
States during 1957. 

With the big new plant in Muskogee, Oklahoma and ex- 
panded facilities at North Chicago in full operation, all 
Fansteel tantalum capacitors can now be shipped from stock. 

As the world’s first major producer of tantalum capacitors, 
Fansteel recognized the rapidly increasing need for more 
tantalum and initiated a $1,000,000 expansion program at 


North Chicago in 1955. In less than six months, even more 


: . One of the dominant reasons for 
production was needed to meet the constantly growing de- 


; ; ; building the Oklahoma plant was 
mand. So the $6,500,000 Muskogee tantalum-columbium the great demand which grew out of 


plant was planned, privately financed, and built with the Fansteel’s development of the tanta- 
most modern automated and cost saving equipment. lum capacitor. Fansteel produces a 


All of this adds up to more Fansteel tantalum capacitors complete line of tantalum capacitors, 
: : , a 3 and in addition, supplies tantalum 
... delivered on time ...in quantities to meet any of your 


materials and components to other 
production requirements leading capacitor manufacturers. 


Ask for latest bulletins on these Fansteel capacitors: a 
Bulletin 6.100—Type "PP". . . General Purpose 
Bulletin 6.113—Type "VP". . . Vibration Resistant CAPACITORS 
Bulletin 6.111—Type “HP”. . . High Temperature "A N 5) 
Bulletin 6.112—New Type “STA”... Solid Tantalum* 7 EE 

° Nou 


In production—a new sub-miniature size. RECTIFIERS 


FANSTEEL METALLURGICAL CORPORATION, NORTH CHICAGO, ILLINOIS, U.S.A. — 
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up to 5 times more Heatpower 


CHROMALOX REDHEAD 
Electric Cartridge Heaters 


More heat in the same space—up to 5 
times as much as standard cartridges 


Faster heat-up—up to 5 times faster 


Faster cycles—Redheads recover up to 5 
times faster. 


Last longer—Greater capacity makes 
“hard” jobs easy. Special construction 
stands up better under rough usage 


Exclusive construction — Highest quality 
nickel-chromium resistor wire coiled 
around special ceramic core, centered in 
refractory material with highest heat trans- 
fer ability. Inconel sheath combines fast 
heat transfer with resistance to high tem 
perature corrosion. Flexible lead wires of 
standard manganese-nickel are covered 
with special high temperature insulation 


85 to 4600 watts 120-240 volts 
Diameters range from %” to % 
Lengths from 1%." to 24 


If your job for cartridge heaters is one of 
the very few requiring even higher watt 
ages, check with your Chromalox Sales 
Engineering Representative—the ‘Man with 
the Answers” to all your heating problems 


Write for Bulletin 997. 2643 


CHROMALOX Electric Heat 


Edwin L. Wiegand Company 
7530 Thomas Boulevard « Pittsburgh 8, Pa. 
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50 C. Units are rated. from 1-20 
volts d-c at pf values ranging from 
0.1 to 16. A typical unit is 0.250 
in. long with a diameter of 0.075 in. 
when measured with the Mylar sleeve. 

The units have superior lead strength, 
a feature made possible because the 
unetched tantalum (anode) lead is 
welded to a solderable 13-mil nickel 
wire and then sealed within the Mylar 
sleeve with an epoxy resin. The cath- 
ode lead is formed by welding a 13- 
mil nickel wire to the silver case. 
General Electric Co., Capacitor Dept., 
Hudson Falls, N. Y. 


Circle No. 510, Reader Inquiry Service Cards 
on page 17 


LOW VOLTAGE KLYSTRON 
COVERS FULL X-BAND 
Reflex Klystron type SRX-92 is de- 
signed for low hysteresis and high 
thermal stability and features low volt- 
age operation over the 8.5-10.5 kme 
band. 

Applications include local oscillator 
in microwave receivers and spectrum 


ee 
~— 
_ 
— 


e* 


analyzers, signal source in radar test 
sets and low power oscillator for mi- 
crowave bench work. Using electrode 
voltages under 300 volts, the SRX-92 
produces 20 mw minimum 
bandwidth of 


modes is 35 me. 


output. 
Minimum electroni« 

The entire 2000 me frequency range 
is covered in only 5 turns of the tube’s 
single-screw integral tuner. Low vswr 
waveguide output, standard octal base. 
Size is 31% in. high; weight is 4% 
oz. Electronic Tube Div., Sperry Gyro- 
Great Neck, N. Y. 
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THERMOPLASTIC SEALING 
COMPOUND 


\-6535 makes available a high melting 
sealing compound which can replace 
epoxies in some sealing applications. 

Pouring temperature of the egg-shell 
white compound is 400-440 F. Applica- 
tion is by melting and pouring into 
place with complete solidification upon 
cooling. Softening point is 332-337 F. 
There is no cold flow at 270 F. Adhesion 
is good to ceramics, bakelite, paper. 
metal and other materials. 

Chief uses of A-6535 are: end sealing 


of ceramic and bakelite tubular con- 
densers; damming tubular condensers 
to prevent liquid epoxy from leaking 
out while being poured for end seals: 
and sealing paper condensers before 
vacuum impregnating winding with 
wax; other sealing applications such as 
voids in molds and switches, and plug- 
ging metal tubes and forms. The Biwax 


Corp., 3445 Howard St., Skokie, Ill. 
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ALUMINUM DIE CASTING 
ALLOY 


Alloy X385 will find use where it is 
advantageous to provide integral bear- 
ing surfaces instead of cast-in or spe- 
cially assembled bearings or bushings. 
It will withstand loads of 1500 psi. 

First commercial application of the 
alloy is in connecting rods for air- 
conditioning compressors. Further heavy 
bearing applications appear to be con- 
necting rods for refrigerator compres- 
sors. washing machine and dryer geat 
housings, electrical hand tool parts and 
other mechanical appliances. 

Tin, lead and cadmium in the alloy 
provide a combination of good casting 
characteristics, mechanical properties 
and bearing qualities. These elements 
also improve machining characteristics. 
Tensile strength and yield strength on 
a typical 
20.000 psi. Aluminum Company of 
America, 1501 Aleoa Bldg., Pittsburgh 
19, Pa. 


Circle No. 513, Reader Inquiry Service Cards 
on page 17 


specimen are 36,000 and 


PHASE SEQUENCE SWITCH 


Model 454 phase sequence switch is an 
automatic control device used to pro- 
tect polyphase electrical equipment 
from damage if connected to the line 
in the wrong phase sequence. 

\ capacitor is introduced into one 
leg of a 3-phase Y connected circuit, 
causing the voltage to lag the current 
by 90 degrees. The voltage is thereby 
shifted in the direction of one of the 
two remaining legs as determined by 
the phase sequence. If the shift is in 
the direction of the leg containing the 
relay. the relay operates, opening the 
control contacts. 


By proper arrangement of the ex- 
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You Can Boost Equipment Operating 


Temperatures Up to 150°C with 
Westinghouse Insulating Varnish B-185! 


Here’s the answer to many an insulating problem—new 
Westinghouse insulating varnish ‘‘B-185” permits you to 
boost equipment operating temperatures up to 150° inter- 
mittently, 140° continuously! 


























**B-185”’ is a clear, thermosetting, all-purpose dipping 
varnish developed specifically for treating rotors, sta- 
tors, control coils and similar electrical windings. It has 
good flexibility to meet the requirements of all such 
applications. 


























Sound good? It is good! Because “‘B-185”’ is another Leader- 
ship Line product developed by Westinghouse research, 
field-tested in millions of applications to give you the finest 
insulation products money can buy. Virtually all Leader- Temperature °C 
ship Line materials far exceed rather than merely *““meet’’ Curve illustrates heat life comparison of B-185 with 
E f conventional Class “‘B’’ and Silicone varnish, using Var- 
their particular class standards of performance. nished Glass Cloth Test Method. Samples of varnished 
at glass cloth are aged at various temperatures until break- 
Why not check the facts on *B-185 as well as other down occurs at one-half the original dielectric strength. 
Westinghouse Leadership Line insulating varnishes, enamels 
and varnished insulations? Send today for your free copy 
of the Leadership Line Catalog giving you complete technical 
and application data. 














Westinghouse Electric Corporation £y_4_ 
Benolite Division, Manor, Pa. 4-30 


Please send me your Leadership Line Catalog 


on Westinghouse flexible insulation, tapes, 


J-06658 resins and varnishes. 


Name 


Title 


you CAN BE SURE... 1F ITS : 
Westinghouse qwy 
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Address 
Company 
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*& PLATINUM * PALLADIUM *« RHODIUM © IRIDIUM *® OSMIUM © RUTHENIUM ® GOLD * SILVER *® 


| siuver POWDERS 
ea.” hilt 


UNIFORMITY CONTROLLED 


FOR TROUBLE-FREE 


| SINTERED CONTACT 
PRODUCTION 


APW high-reliability silver powders elim- A PARTIAL LIST OF 
inate the major cause of complication in 
sintered contact manufacture. For smooth, 
uninterrupted production, rely upon the SILVER-PALLADIUM ALLOYS 
high degree of uniformity that is a war- 
ranted feature of our silver powders. 
APW processes assure precise conform- 
ity to your specifications and absolute uni- SHEER CONSENS AND 
formity through full series of production CRAENS SLOTS 
batches. Each stage in our process is close- SILVER ANODES 
ly controlled to critical standards of uni- (Extruded or rolled) 
formity—each batch is lab tested as well— 
certified for bulk density, flow, purity and 
screen analysis. iene 
Here, facilities for the production of SILVER STRIP 
silver powders, wire and strip made from 
sintered mixtures to your specifications are 
modern and extensive. Service is excellent. ee re 
SILVER ALLOYS TO 
SPECIFICATION 


INDUSTRIAL SILVER PRODUCTS: 


SILVER POWDERS 
(Up to 99.99% pure) 


SILVER SINTERED METALS 


SILVER FOUL 


ENGINEERING ce & oe = - 


Do call or write if you would like fur- 
ther information or engineering assistance. 
We will be very pleased to hear from you 
and to offer our services. * » 


AMERICAN PLATINUM & SILVER DIVISION 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, NJ. 
NEW YORK * PROVIDENCE + CHICAGO «+ SAN FRANCISCO + LOS ANGELES 
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ternal circuitry, the control contacts 
may be used to: shut off the inter- 
connected equipment; sound an alarm; 
reverse the phase connections; perform 
any other switching, control or alarm 
functions desired; perform opposite 
switching functions. 

Model 454 is of open-chassis con- 
struction, 24% in. wide x 3% in. long 
and 254 in. high overall. A 6-terminal 
strip is provided on the side of the 
chassis for connection of either 220 or 
440 volts, 3-phase input as well as a 
set of two terminals for connection to 
the circuit to be controlled. Associated 
Research, Inc., 3758 W. Belmont Ave., 
Chicago 18, Il. 
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NEUTRAL POSITION SNAP- 
ACTION SWITCHES 


Line of snap-action neutral position 
switches is offered in 3. models, 
LIOOWNS, LIOOWNR and LIOOWNL. 
The switches provide 2 isolated cir- 
cuits with double break (4-wire) con- 
tact arrangements. 

Actuating force is light for this type 
of switch, being 125 in.-oz to trip and 
190 in.-oz for full overtravel. Release 


WIRING DIAGRAM 


my 


| o- —p | | coe 
; —H — at 
no cw ccw 


force is 38 in.-oz. With maintained 
contact arrangement, the operating 
force required is only 40 in.-oz. 

These models operate when actuated 
5 degrees in either direction from the 
neutral position, and they are pro- 
vided with 70 degree safety overtravel 
in both directions. 

Model LIOOWNS is a switch nor- 
mally open in the neutral position. 
Clockwise operation closes one circuit 
by snap action and counter-clockwise 
operation closes the other circuit by 
snap action, with spring return to 
neutral from either direction of op- 
eration. This switch can be converted 
to maintained contact in both direc- 
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SOLID-ELECTROLYTE 


CAPACITORS 


new dimensions in 


Now, circuit designers in computers and mili- 
tary electronics have an electrolytic capacitor 
that offers greater miniaturization than ever 
before . . . with no sacrifice in reliability. 
Sprague’s recently announced solid-electrolyte 
Tantalex Capacitors find ideal application in 
the transistor circuits of these critical fields. 
The tiny sintered tantalum anode of Type 
150D Tantalex Capacitor is impregnated with 
a solid, non-corrosive, semi-conductor ma- 
terial which cannot leak under any circum- 
stance. It combines true miniaturization with 
electrical stability previously unobtainable in 
an electrolytic capacitor of any type. 
Thermal coefficient of these capacitors is 
sufficiently low and linear so that for the first 
time a Circuit designer can think of an electro- 
lytic in terms of parts per million capacitance 
change. Nominal value is +500 ppm/ °C. The 


SPRAGUE COMPONENTS: 


miniaturization and reliability 


This solid-electrolyte Tantalex 
Capacitor (shown 114 times actual 
size) is rated at 4.7 “LF, 10 volts 
d-c, and is only %" in diameter 
by %" long. 


capacitor may be used without derating over 
a range from +85°C to as low as —80°C, a 
temperature at which no other electrolytic has 
proved useful. 

Solid construction permits the Type 150D 
to withstand the severe shock and vibration 
encountered in missile and ballistic applica- 
tions. Hermetic sealing makes it completely 
immune to humid atmospheric conditions. 

Complete performance data covering the 
wide range of sizes and ratings are in Engi- 
neering Bulletin 3520B, available on letter- 
head request to the Technical Literature Sec- 
tion, Sprague Electric Company, 307 Marshall 
Street, North Adams, Mass. 

kt * & 

Sprague, on request, will provide you with 
complete application engineering service in 
the use of Tantalex Capacitors. 


SPRAGUE 


the trademark of reliability 


CAPACITORS « RESISTORS * MAGNETIC COMPONENTS * TRANSISTORS «¢ INTERFERENCE 
FILTERS « HIGH TEMPERATURE MAGNET WIRE «© PULSE NETWORKS ¢ PRINTED CIRCUITS 
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typical applications of Taylor Vulcanized Fibre 


Welders’ Helmets Carrying Cases 


Abrasive Discs 


Switch Parts Sliding Door Guides Shuttles and Bobbin Heads 


Vulcanized Fibre 
Is Versatile 


The applications of Taylor Vulcanized Fibre are many in 
number. This is because of its many unusual characteristics. 
It is a hard, dense material with excellent physical, mechanical 
and electrical properties. It is tough and resilient; has high 
resistance to impact, abrasion, wear, organic solvents, oils 
and gasoline; it can be machined, stamped, punched and 
formed; it is attractive in appearance, light in weight. 


Taylor Vulcanized Fibre is available in a number of different 
grades, in sheets, rolls and turned rods. Undoubtedly you have 
an application where the unique properties of vulcanized fibre 
can be put to work in your product. A Taylor application 
engineer will be glad to discuss requirements with you and 
recommend the best grade to fit them. Get the benefit of his 
advice by contacting TAYLOR Fipre Co., Norristown 37, Pa. 


ylo 


LAMINATED PLASTICS VULCANIZED FIBRE 
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tions by removal of the return spring 
stop. Model LLOOWNR provides spring 
return to the neutral position from 
clockwise operation, but maintained 
contact in the counter-clockwise op- 
eration. Model LIOOWNL provides 
spring return to the neutral position 
from counter-clockwise operation and 
maintained contact in the clockwise 
position. The R. B. Denison Manufac- 
turing Co., 102 St. Clair Ave., N. W.. 
Cleveland 13, Ohio. 
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ALUMINUM OXIDE CERAMIC 
HAS SUPERIOR PHYSICAL 
STRENGTH 


Type AD-99 ceramic has the unusual 
tensile strength of 34,000 psi—as strong 
as cast iron. This is 30 per cent greater 
strength than commercial high aluminas 
of 96 to 98 per cent aluminum oxide. 
It is particularly superior to ordinary 
metals in strength at high temperatures, 
retaining 75 per cent of its tensile 
strength—20,000 psi—at 2000 F. 


\D-99 is a superior dielectric ma- 
terial. At microwave frequencies, loss 
tangents are lower than those of plastics 
and all but one or two special ceramic 
materials. At room temperature, the 
loss tangent is 0.00006 + 0.00002 at 
100 me, less than 0.0001 at 300 me, 
and 0.00052 at 50 kme. 

AD-99 ceramic was originally used 
in the manufacture of large radomes. 
Now in production are vacuum tube 
envelopes up to 10 in. diam by 81% in. 
high made of this ceramic. Coors Porce- 
lain Co., 850 Ford St., Golden, Col. 
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MAGNETOSTRICTIVE 
STORAGE UNIT 


This unit consists of eleven 120-ysec 
delay lines. Ten of these lines are stor- 
age units capable of storing 60 bits of 
information at a 1 me p.xr.f. for a total 
of 600 bits for the 10 lines. The eleventh 
line is intended as a clock and/or 
synchronization line for purposes of 
controlling the time slots in a computer. 

“Read” coils can be installed every 
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NORTH FLAT SPRING RELAYS 


Time tested and proven telephone dee 
pendability for universal application, 


NORTH RVF ROTARY SWITCH 


Advanced bank and wiper design af- 
fords new flexibility in rotary switch 
application. 


ete a et a ee 


NORTH REED ARMATURE RELAY 


Exceeds critical 
requirements in 
data switching 
systems where 
high speed; low 
level signals must 
be handled with 
minimum intere 
ference between 
channels. 


In system design... 
THERE ISA 


NORTH COMPONENT 


THAT IS RIGHT 
FOR EVERY 
APPLICATION 
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NORTH CROSSBAR SWITCH 


The most economical means of provid- 
ing maximum switching capacity (in- 
puts to outputs) with relay reliability. 


NORTH IR 207 & IR 226 
Hermetically sealed general purpose 
and sensitive relays - high shock and 
vibration resistance meeting Mil. specs. 


| 


NORTH “M” AND “E” TYPE RELAYS 


Telephone type dependability in minia- 
ture size where space requirements 
are critical. 


North engineers, specialists for over 75 years 
in the design, production and application 

of relays and switch gear, can take over your 
control system design problems and solve 
them beyond your specifications. The 
accumulated know-how of three quarters of 
a century in this specialized field can be 
applied to help you - in design, in 
component specification, and in complete 


system manufacture. 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


854 SOUTH MARKET STREET © GALION, OHIO 


Available in Canada through 
Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 





THESE g FEATURES MAKE NEW R & M ARMATURES OUTSTANDING 


All coils are wound simultaneously. 
Coils are exactly identical, assuring 
identical electrical and physical char- 
acteristics. Conventional methods pro- 
duce windings with individual coils 
having varying amounts of wire and 
Gonsequent non-symmetry. 


Armature coils are uniformly positioned 
and anchored securely. Interlocked 
winding pattern resists conductor and 
coil end movement. This unique con- 


” 


struction minimizes abrasion of wire 
insulation, a common caise. of high 
speed armature failure. 

a 


Maximum coil end exposure resulting 
from distinctive winding pattern permits 
maximum heat dissipation. Lower tem- 
peratures projong armature life. 
+ 


More uniform electrical characteristics 
reduce arcing at brushes, improving 
commutation and prolonging brush life. 


CONVENTIONAL 


ROBBINS 


SPRINGFIELD, OHIO 


2 9 


MYERS. we. 


BRANTFORD, ONTARIO 


P exed 


Hoists Moyne Pumps Propelias (industrial) fang 
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R&M PRECISION 
MACHINE-WOUND ARMATURES 


can improve your product’s performance ! 


A new basic development in armature winding technique, perfected by Robbins 
& Myers, now produces armatures for Universal or Series Motors which are 
superior to those heretofore available for original equipment manufacturing. 
The new R & M armature winding machine winds all coils Simultaneously 
... uniformly positions them . . . and the coils are physically and electrically 
identical! Weaknesses inherent in armatures wound by conventional methods 
are eliminated. The new R & M machine produces armatures of finer, more 
uniform construction which will give longer, more dependable service! 


Contact a Robbins & Myers representative for additional details on R & M 


universal motors and series motor parts 
or write for Bulletins 444-EM and 455-EM. 


AUTOMATION AT R & M SPEEDS ARMATURE 
WINDING AND IMPROVES ELECTRICAL AND 
PHYSICAL QUALITIES OF PRODUCT, 
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> watt capacity — 


Centzalab MODEL 4 


Miniature Wirewound Radiohms » 


5 WATT 
CENTRALAB 
MODEL 4 
WIREWOUND 


As you know, the rating and size of a variable 
resistor depends upon the speed with which 
heat can be transferred from the resistance ele- 
ment to the atmosphere. Centralab ‘“‘thermo- 
pass” insulation combines exceptional heat 
transfer with a dielectric strength of 4500 volts 
per mil at 25° C. Result: Model 4 Radiohm, a 
conservatively rated 5 watt wirewound variable 
resistor smaller than a conventional 2 watt unit. 


Only 1°” diameter by %%” deep. 
Resistance range, 1 ohm to 15K ohms; 
linear taper. 

295° rotation, stop strength 15 inch 
pounds. 

Minimum life, 25,000 complete cycles. 
Totally enclosed elements. 


For detailed information write for Centralab 

Engineering Bulletin EP-493 or contact your ACTUAL SIZE 
Centralab sales representative. Ask your local 

distributor about the many values he carries in 

stock in the WW and WN series (listed in 

Catalog 30). 


A DIVISION OF GLOBE-UNION, INC 
nt Ag D/ 962-D E. KEEFE AVE. « MILWAUKEE 1, WIS. 

In Canada: 804 Mt. Pleasant Rd. ¢ Toronto, Ontario 
B-5810 = 


VARIABLE RESISTORS © PACKAGED ELECTRONIC CIRCUITS @ ELECTRONIC SWITCHES 
CERAMIC CAPACITORS e ENGINEERED CERAMICS @ SEMI-CONDUCTOR PRODUCTS 
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3 psec along the length of the line. 
Using the “write” coil and the first 
“read” coil of the clock line as the 
basic timing unit, maximum timing 
stability is achieved while temperature 
changes are of no consequence and will 
not cause the storage lines to drift. Each 
line may be driven by a single tube or 
transistor. Each pickup requires one 
tube or transistor for amplification and 
re-shaping. 

Additional pickups may be added to 
this at a distance of 3 psec or more 
from the launching coils for rapid 
access, resulting in a storage unit with 
less access time. Furthermore, since 
only two tubes or transistors are re- 
quired for re-circulating the information 
on each delay line, power requirements 
are less. 

The unit measures 40 in. long and 
7 in. in diameter. The model shown 
weighs 251% lb, and is available either 

a bench unit for lab purposes, or 

a sub-assembly to be incorporated 
in computer assemblies. Deltime, Inc., 
608 Fayette Ave., Mamaroneck, N. Y. 
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CUSTOM-METALIZING OF 
CERAMIC ROD AND TUBING 


Precision-metalizing (with high-fired 
conductive silver and other metals) of 
very small diameters and very short 
lengths of low-moisture-absorption close- 
tolerance steatite rod and tubing has 
been developed for speedy, economical 
mass production. 

Several examples are illustrated: No. 
1 is 0.250 in. OD rod with 11 parallel 
stripes: No. 2 is 0.125 in. OD rod with 
10 parallel stripes; No. 3 is 0.250 in. 
OD rod with one continuous helical 
stripe; No. 4 is 0.250 in. OD rod with 
12 stripes on 180 degree helix; No. 5 
is 0.160 in. OD rod with 6 parallel 


ELECTRICAL MANUFACTURING 





EXPERIENCE 


the ales factor in 


THOMSON 


CONTACT 
ASSEMBLIES 


75 years of design and 
production experience 
stands behind every 
Thomson Electrical Con- 
tact and Automatic 
Contact-Setting Machine. 


Electrical Contacts Division 


Gy supson t. }['|7}(0){\\)] S(O)[N] mrs. co., wautHam 54, mass. 


Since 1885 


APRIL 1958 Circle 168 on page 17 





ae 





for molybdenum furnaces 


This transformer has a 10,000 Ampere secondary with a maximum of 

5 volts. The primary taps are extended to reduce secondary to 

0.75 volts. The secondary copper is 3%” thick and 16” long, over which is 
connected and built-in a 5 Ampere current transformer. 

This special transformer is made for air-blast cooling as the 

physical size had to be kept extremely small. 

The heating transformer, a new member of the well-known family of NWL 
custom-built Transformers, is made to fit the particular needs of the user. 
Each Nothelfer transformer is individually tested for core loss polarity, 
voltage, corona, insulation breakdown and aging characteristics and must 
meet al! customer's requirements before shipment. We shall be glad to 
receive your specifications and quote you accordingly: 


ESTABLISHED 1920 


G- 
;NEMA! 
Nc? SAY: NO—TEL—FER 

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept.EM-4, Trenton, N. J. 


(Specialists in custom-building) 
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stripes; No. 6 is 0.240 in. OD tube with 
15 stripes (of which 11 are broken) ; 
lengths are indicated by ruler; all 
made with silver soldering bands. Cera- 
met Corp., 475 W. 216th St., New York 
34, N. Y. 
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SILICONE RUBBERS HAVE 
GREATER RESISTANCE TO 
COMPRESSION SET 


Series of silicone rubbers has much 
greater resistance to compression set 
at high temperatures. Developed to 
meet the need for more reliable oil 
seals and gasketing materials in ap- 
pliance and aircraft applications, these 
rubber stocks are also recommended 
for military and industrial sealing and 





gasketing applications involving extra 
high temperatures and high or con- 
stant pressures, 

Three different stocks are being pro- 
duced. Identified as Silastic S-2096U, 
S-2097U and S-2098U, they produce 
60, 70 and 80 durometer (Shore A 
hardness scale). All three have a serv- 
iceable temperature range from —70 
to 500 F. 

Maximum resistance to compression 
set is attained when these materials 
are vulcanized with Silastic S-2084 
catalyst. Stock No. S-2096U vulcanized 
and cured with Silastic S-2084 catalyst, 
for example, shows as little as 45 per 
cent compression set after 22 hr at 
180 F. Dow Corning Corp.. Midland, 
Mich. 
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PYROLYTIC ALLOY HIGH- 
VOLTAGE RESISTORS 


Pyrolytic alloy high-voltage resistors 
(Type PVX) for all high voltage cir- 
cuitry feature the superior qualities of 
the pyrolytic carbon alloy film, which 
results in a resistor capable of operating 
in high ambient temperatures and with 
improved high voltage load stability. 
Available in 1, 2 and 3 watt sizes, 
units are obtainable with +5, +10 and 
+20 per cent tolerances. Multiple lay- 
ers of special high-temperature coatings 
are baked on to provide superior me- 
chanical protection, a moisture barrier 
and protection if operated while im- 
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Twenty-six machining operations are performed automat- 
ically on this huge transfer machine. To keep this machine 
operating continuously —to avoid costly production shut- 
downs— Baker Brothers, Inc., selected Allen-Bradley quality 
motor control—the simple control that is good for millions 
of trouble free operations. 

The recognized reliability of Allen-Bradley motor starters 
and relays is the result of their simple design. Having only 
one moving part, wear and consequent trouble are reduced 
to the minimum. The double break, silver alloy contacts . . . 
standard throughout the Allen-Bradley line... never need 


attention. They are always in perfect operating condition. 


BULLETIN 802 


preferred... 
because it is 


This Baker Automatic Transfer Machine is equipped with a 
special Allen-Bradley control panel, assembled from stand- 
ard components listed in the latest A-B Handy Catalog. 


Simplicity of design and silver alloy contacts are features of 
all Allen-Bradley control auxiliaries—they are similarly trou- 
ble free. Therefore, standardize on the Allen-Bradley line of 
quality motor starters, relays, push buttons, limit switches, 


and other accessories. You cannot possibly make a mistake! 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


4-58-MR 


Oiltight 


Limit Switcl 


Has completely sealed oper- 
ating head and switch body. 
This adjustable roller lever 
type saves installation time. 


BULLETIN 700 
Solenoid Relay 


Universal type relay has con- 
tacts that can be connected 
for either “normally open” or 
“normally closed" operation. 


i ter 
Popular across-the- line star 
with accurate and reliable over- 
load relays. 8 Sizes to 300 hp, 
220 v; 600 hp, 440-550 v. 





Tare 
eat gs 


This new air break contactor—around which Allen-Bradley has developed a 
complete line of high voltage starters—is designed to match your toughest 
applications. It features the same solenoid design—with only one moving 
part—that has made Allen-Bradley low voltage starters universally recognized 
for their tremendous operating life. 

These new contactors are available in full voltage and reduced voltage starters 
—nonreversing or reversing—for squirrel cage, part winding, slip ring, and 
synchronous motors up to 1500 hp, 2300 volts; 2500 hp, 4600 volts. All 
starters are equipped with current limiting fuses and have an interrupting 
capacity of 150,000 kva at 2300 volts and 250,000 kva at 4600 volts. 

It will pay you to investigate these quality starters. Complete information is 
contained in Publication 6080 . . . please send for your copy, today. 


Only One Moving Part. 
Simple solenoid design elimi- 
nates trouble-causing pins, 
pivots, and flexible jumpers. 


Double Break Contacts of 
silver alloy never need main- 
tenance. Vertical motion as- 
sures uniform contact pressures. 


Easy Access from Front. 
Crossbar and contacts remov- 
able from front, without special 
tools, for easy inspection. 


Allen-Bradley Co. 
1316 S. Second St. 
Milwaukee 4, Wis. 


WVZ74, 


ALLE 


In Canada: Allen-Bradley Canada Ltd. 


Galt, Ontario 
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Bulletin 966 high voltage air 
break, across-the-line synchro- 
nous motor starter in NEMA 
Type 1 enclosure. 


Faster Arc Suppression. 
New blowout design and novel 
arc chute. Chutes are molded 
from an arc resistant material. 


— * 


eee 
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LOCK NUTS 


mersed in common transformer oils. 
The resistors are particularly suited 
for high-voltage bleeders, TV high-volt- k 4 
age circuits, cathode ray tube circuits, Mma e t ey r own threads 
X-ray equipment and other applications. | 
International Resistance Co., 401 No. | 
Broad St., Philadelphia 8, Pa. 
Circle No. 520, Reader Inquiry Service Cards 


on straight or tapered 


| 7 threaded studs, rod 
MAGNETIC “HOLD-IN” ACK imine shah 


SWITCH zinc, aluminum or brass. 


Type 5ETI-6 is a sealed, momentary- 
action toggle switch designed for air- 
craft and electronic uses that can be 
converted to a maintained-contact switch 
by means of a built-in solenoid. The 
SPDT switching unit and a 28 volt d-c 
solenoid are contained in an environ- 
ment-proof unit measuring slightly over 
3 in. from the top of the toggle lever 


to the bottom of the case. Diameter of a ae 
. : read-forming tee 
the case is one inch. oe email aes 
When the toggle lever is operated ee J tion-proof grip on 
and the solenoid is energized, the 


studs. 
: a shanks. 
solenoid holds the lever in the operated 


Deep, clean threads : sas be ne 
assure high torque 1 and re-used on same 


and tensile values. studs. 


position. This magnetic “hold-in” fea- 

ture permits remote electrical release Serra 

of the lever, returning it to the un- | cliaenen taal 

opened position. Immediate release is sigs ag oct or irregular, on 

possible by manually over-riding the ictenealaie. Wii™ perpendicular 

toggle lever m or off-angle 
"1 oe studs. 





The solenoid and switching unit are 
sealed within a cylindrical-shaped en- 
closure that has been evacuated and 
filled with an inert gas. An elastomer 
seal at the base of the toggle lever 

Now, in a single high-speed fastening opera- 

DIA. tion, you can form your own threads while 
tightening PALNUT Self-threading nuts on 

low-cost unthreaded studs or rods. No special 

tools or skills needed. High speed assembly is 

obtained with standard tools and methods. 

Parts are pulled up tight with a resilient spring 

locking action that will not loosen in service. 


PALNUT Self-threading Nuts are made of Also available with 
spring-tempered steel, comprising a thread- “bonded-in’’ plasti- 
forming lock nut and flat washer-in one piece. 
Available in sizes for 14”, 3%” and 14” dia. sol compound to seal 


studs and rods, in various washer diameters. out water and dust. 
Write for free samples and descriptive literature. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. J. 


in Canada: P.L. Robertson Co., Ltd., Milton, Ont. 


Quick, secure fastening at low cost 
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keeps out dust and moisture. The 


D I i +0 switch may be wired either normally- 
Ougtas Arr raft 0. USES open, normally-closed or double-throw 


Phaostron RUGGEDIZED Panel Meters and is rated at 4 amp, 28 volts d-c, 
resistive load. Available with either 
wire leads or side-facing screw 
terminals. Micro Switch, Div. of 
Minneapolis-Honeywell Regulator Co., 


PHAOSTRON ponent #8 


Circle No. 521, Reader Inquiry Service Cards 


Ne a 


wipewagrenes TEFLON-COATED FLAT 
PANEL METERS COPPER STRIP 


ct at ee CA CE . | Teflon-coated flat copper, aluminum 
INBUILT SHOCK MOUNTS = rm and steel strip has several important 
Pian ere Tat Sees advantages, among which are the 


space factor and the economy of pro- 
duction as compared to wire. This 
company ts presently coating copper, 
aluminum and _ stainless steel strip 
Critical manufacturers choose Phaostron meters because with as little as 1/10,000 of an inch 
of their superior consistent accuracy and proven per : of Teflon. 
formance. Sealed, the movement has shock mounted 
jewels, ground and polished pivots. Dials are easy t plete or one-sided coverage of the 
read. Metal case provides anti-magnetic shielding 
Phaostron meters meet and conform to dimensional and Available: ods reveal no mechanical pin holes in 
performance requirements of MIL-10304A specifications 2\7 31 41/2’ 


The process may be adapted to com- 
ribbon. Sensitive laboratory test meth- 


the tape. Materials Research Corp., 47 
Buena Vista Ave., Yonkers, N. Y. 
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PHAOSTRON Instrument & Electronic Co. = WAHT.) oan 


151 Pasadena Avenue, South Pasadena, California TRANSISTORIZED FREQUENCY 
Circle 172 on page 17 CHANGERS 


Square 


Write for additional information. 


at power levels and eliminate the dis- 


ee. These static designs convert any given 
BUCHANAN Acceptance Provén ee ee ee 
2 advantages of vacuum tube or mechan- 
Q lity; Rr ucts >s ical conversion equivalents. They are 
ay Onilisy/ Reo 


5 suited for powering all a-c operated 

\ 

phe AY magnetic amplifiers, and are intended 

am nia for all types of laboratory and indus- 
trial applications. 


equipment, gyro and servo méchanisms, 


In operation, they convert the input 
One-Piece frequency to d-c by means of silicon 


Terminal Blocks 


diodes. This d-c is converted to the 
desired output frequency by means of 


4 i . transistor keyers. Optimum frequency 
- a stability is insured by utilizing a small 
en & portion of the input signal to synchro- 


oan Cops & nize the output frequency. The advan- 
nsvlotors 5 


Send Today cla tages of this design include instant 


for Complete Tg \\ 


Catalog ze 


Knockout Plugs & 
Romex Connectors Conduit Bushings 


ELECTRICAL PRODUCTS 
CORPORATION 
HILLSIDE, NEW JERSEY 


Cable Staples 


eeeceeooceo2enseeceeoneeseneeeeeeVess © 


BUCHANAN ELECTRICAL PRODUCTS CORP. 
Hillside, New Jersey 


Please send catalog M-4 


3C2 


| 

| 

In Canada 
GASACCUMULATOR CANADA, LTD. 
12 GOWER ST., TORONTO 16, ONT. 

Export , 
PHILIPS EXPORT CO. 

100 E. 42nd ST., NEW YORK, N.Y. 


*eeeenereeeeeeeenee? 
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YOU GET 
l EXTRA PROTECTION 


| against corrosive... 
| abrasive or 
| explosive elements 


ee ee (team ae oe eee 


TYPE EP 
Standard TEFC 
1 to 100 hp 


TYPE JP 
Explosion-proof 
1 to 100 hp 


with 
Wagner totally enclosed — eee 

HEAVY DUTY BALL BEARINGS ...The ball bearings 

motors. ec protected for used in these motors are of the highest quality, with more 


than ample capacity to provide long troublefree service 
under heavy loads. 


longer motor life 


If you need motors that will keep production rates up... 
that will give the continuity of service that is so important 
to automation .. . that will operate with complete depend- 
ability under the most severe conditions—W agner totally- 
enclosed motors are your soundest choice. 


Type EP Motors offer protection against corrosion, dust, 
abrasives, fumes, steel chips or filings. Type JP is explosion 
proof as well—designed and approved for use in explosive 


BEARINGS CAN BE RELUBRICATED ... Factory installa- 
tion will last for many years under normal service, but 


NEW NEMA FRAMES... These motors are built in the openings are provided to permit relubrication that adds 
new NEMA Frame sizes from 182 through 445U, with ribs yours te malar Site ender severe: qeneyanen 


atmospheres. 


that add mechanical strength and increase the surface 
cooling area. Effective cooling system adds to motor life. 
Let your Wagner Sales Engineer show you how these 
protected motors can bring you savings on initial motor 
costs, maintenance costs and continuity of operation. 


1 TO 100 HP—4 POLE, 60 CYCLE — 
NEMA FRAMES 182 THROUGH 445U 


Wagner Electric Grporation 


6454 Plymouth Ave., St. Louis 14, Missouri. SEALS KEEP BEARINGS CLEAN...Both ends of these 
. r motors have running shaft seals to keep the bearings clean. 


Bearing housings are effectively sealed to prevent escape 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES of grease. 


wms6-5 
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‘Resinite = 4 
SUPER-HEAT 125 


VINYL INSULATION 
SLEEVING 


€ 


NOW =» 5 COLORS! 


Even where 105°C applications require vinyl sleeving in identifying colors, you 
can now take advantage of the extra margin of safety and longer service 
provided by Resinite Super-Heat 125. This outstanding material far exceeds 
105°C requirements, yet costs no more. 


EXTRA-WIDE TEMPERATURE RANGE SUPERIOR OIL RESISTANCE 
Effective from — 42°C to 125°C Withstands prolonged exposure to 


AMAZINGLY TOUGH hot oil, tar, varnish and pitch. 
Highly resistant to abrasion and FULL SIZE RANGE 
cut-through. .018” 1.D. through 2” 1.D. 


HIGH DIELECTRIC SOFT-WOUND SPOOLS 
1000 volts /mil average —wet or dry. Exclusive Resinite “soft-wound” 


5 COLORS spooling assures full-round 
Black, white, blue, yellow, green. (not flattened) sleeving. 


For your 105°C requirements, get the SUPERformance of Resinite Super- 
Heat 125. Call your distributor or write for samples and technical data. 


THE ZIOFLEIE CHEMICAL COMPANY Resinite Department 


Plants: Santa Barbara, Calif. + No. Andover, Mass 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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starting, negligible radio interference, 
zero maintenance, small size and light 
weight. Units are short-circuit pro- 
tected and can withstand high shock 
and vibration. 

A number of models are available 
for converting 60 cps to 400 cps and 
50 cps to 60 cps. Stock units are avyail- 
able in 50, 100 and 150 volt-amp rat- 
ings. Units are encapsulated in trans- 
former-type housings, but transistors 
and other semiconductors are replace- 
able. Size of a typical 100 volt-amp 
unit is 4%46 x 5%6 x 5% in. Electronic 
Research Associates, Inc., 67 Factory 
Pl., Cedar Grove, N. J. 


Circle No. 523, Reader Inquiry Service Cards 
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HIGH-AMP MINIATURE 
CONNECTOR 


Designed to connect high amperage 
contacts and to provide an environ- 
mental cable seal, the Model DM9705- 
194 P/S miniature connector has four 
No. 12 contacts in a miniaturized 19- 
contact shell that will withstand a high 


of 2500 volts without breakdown. Each 
pin will carry 40 amp continuously 
without overheating and will with- 
stand a 50 amp surge. 

Cable seal is accomplished by a 
grommet in the cylinder shell through 
which the cable is inserted. The grom- 
met is compressed in the cable by a 
sleeve and grommet nut. This cable 
seal can be supplied on all sizes of 
miniature electrical connectors. The 
Deutsch Co., 7000 Avalon Blvd., Los 
Angeles 3, Calif. 


Circle No. 524, Reader Inquiry Service Cards 
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MEGACYCLE DECADE 
COUNTER WITH 
NIXIE READOUT 


One-megacycle counter with Nixie nu- 
merical readout tube is claimed to be 
the only decade counter with provisions 
for resetting from any position to zero 
in less than one psec. 

Designed as a companion unit to 
decade counters Types 101 and 102, 
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The best-dressed 
Pigtails 
are wearing 


BURCAPs 


THE COMPRESSION-INSTALLED SPLICING CONNECTOR 


e rated for GOO volts for building wire, 1000 volts for fixtures and signs 


e designed to splice a wide range of wire sizes 


TOOLING FOR THE 
{ 1) BURNDY BURCAP 
Send for tooling information 


” 4; and samples - write BURNDY, 
cH Norwalk, Connect. or Toronto, Canada 


Yi50MW <. M8ND YIONCP 
4 


INSTALLATION e PLYER-TYPE RATCHET-TYPE PNEUMATIC-TYPE 


- OMATON DIVISION 


Lie 
BURN oy 
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OIL-TIGHT and DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


All seams 
welded 


whose counting rate is 10 ke and 100 
ke. this plug-in unit is designed to 
achieve the highest speed counting and 
resetting while still making all 10 out- 
puts available for print-out or other 
veneral-purpose applications. 


Standard sizes 
immediately 
available 


from stock Power requirements are 300 volts, 
30 ma d-c, and 6.3 volts, 0.9 amp a-c. 
features high 


The unit reliability 


through the use of the beam switching 


Rolled lip 
adds stiffness, 
improves appearance 


Cover screw clamp, 
easy to operate, 
has no loose parts 


Continuous 
hinge. Door is 
removable. 


Removable 


panel mounted on 
shouldered studs 


Removable 
end reversible 
blue print pocket 


Neoprene gasket 
seals out oil, 
water, dust 


SIZES 
SINGLE DOOR Wall-Mounted 
Units. 18 standard sizes 
ranging from 16°x12°x 6" to 
60°x 36°x8". 
TWO DOOR Floor- 
Mounted Units. 8 
standard sizes rang- 
ing from 54°x42°x8" 
to 72°x60"x12". 


NEW STANDARD 
CONTROL CONSOLES 


Designed especially for industrial 
use, these cabinets offer the same 
oil-tight and dust-tight advantages 
that feature “Hoffman” enclosures. 
Our standard 14 gauge steel units, 
shipped from stock, save you design 
expense and delivery time. Sloping 
control panel is removable so you 
can drill holes for pushbuttons, etc. 


An additional upright instrument 
panel as well as handy writing desk 
can be added if desired. All units 
have interior sub-panels. All doors 
and panels gasketed. Standard size 
is 23°x17"x 40", or we can build 
to your specifications. 


‘ NEMA 12 PANEL 
ENCLOSURES 


These handsome units are ideal for housing 
electrical controls, terminal strips and control 
instruments. Strong, rigid, welded 
construction. Neoprene gasket on door 
protects against dust, dirt, oil, water. No 
knockouts or screw holes. Units are frequently 
used in purged or pressurized systems for 
installation in flammable or dust-laden 
atmospheres. Standard stock sizes, one door 
and two door units. Fast delivery. Made of 10, 
12 and 14 gauge sheet steel. White baked 
enamel interior, gray prime coat exterior. 


Stocked and sold by leading 
electrical distributors 


PUSH- 
BUTTON 
BOXES 
Oil and dust- 
tight. 14 gauge 
sheet steel. 38 sizes 
in 4 types—Standard, 
Extra Deep, Slim, and Pendent. 
Made to take from 1 to 25 
pushbuttons of any make. 


SECTIONAL y 
WIREWAY 

Protects electrical wiring 

from oil, water, dust. Gasketed 
joints and cover. Comes in | to 
10 foot straight sections, with 
all fittings. Sizes: 242", 4° 


* square. 


¢ ' ENGINEERING CORPORATION 
Dept. EM-92 ANOKA, MINNESOTA, Phone HArrison 1-2240 
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sic 
WIRING 
BOXES 


Welded seoms, 

no knockouts or 

screw holes. 8 sizes. 

Gasketed cover. 14 gouge 
sheet steel. Gray hammertone 
finish. Panel optional. 


Send for catalog 
with complete spec- 
ifications for your 
layout work. We 
can also build spe- 
cial enclosures to 
your specifications. 





tube. The Nixie indicator provides pre- 
cise “in-line” figures visible 30 to 40 ft. 
Burroughs Electronic Tube Div., No. 
Plainfield, N. J. 
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MAGNESIUM CONNECTOR 


The DPSM series magnesium connector, 
originally designed for use in Convair’s 
B-58 “Hustler.” is readily adaptable to 
cable-connecting plug or receptacle 
applications. 

The use of magnesium for the shell 
reduction in 


weight. and, equally important, permits 


affords a 26 per cent 


continuous operation at a temperature 
65 to 300 F under high 
vibration conditions. 

To maintain its electrical character- 
istics at high altitudes, the DPSM has 
a special sliding seal of resilient “Silcan 


range of from 


63.” lubricated for ease of separation. 


This sliding seal permits a 1 in. axial 
tolerance while still effecting a seal. 
Cannon Electric Co.. 3208 Humboldt 
St., Los Angeles 31, Calif. 
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LOW POWER X-BAND 
MAGNETRONS 


The MA-213 Series of miniature fixed- 
tuned magnetrons with waveguide out- 
put has been developed for pulsed 
doppler and ew radar applications. 
The units are lightweight, integral 
magnet tubes which are particularly 
useful in short range pulsed doppler 
radars. They may be used as cw local 
oscillators when a high degree of fre- 
quency stability is unnecessary. In such 
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KEARFOTT SIZE 11 AND SIZE 15 
INTEGRATING TACHOMETERS 
ACTUAL SIZE 


5 


™ P 


A 


¥ 


. » provide precise integration under all conditions 


i 
i 


_|DEVIATION: 
01% PER CYCLE 


1800 3600 
SHAFT SPEED RPM 
o+— 380 400 420 440 460 
-20 ° 20 40 60 80 FREQUENCY- WITH PROPER LOAD = 1.8 RPM K 100% 
AMBIENT TEMPERATURE °C % LINEARITY = "Sees ee 


DEVIATION OF OUTPUT 


DEVIATION OF OUTPUT 
DEVIATION OF OUTPUT 


TEMPERATURE FREQUENCY SPEED 


Variations of output, due to tempera- Variations due to frequency changes Minimum deviation of output from 
ture changes, are minimized by Kear- are held to .01% per cycle with appro- mean value due to speed is character- 


fott’s precise unit temperatures control priate loading. istic of these precision tachometers. 
and/or compensation. 


GENERATOR CHARACTERISTICS 
MODEL VOLTS OUTPUT LINEARITY EXCITATION 
‘ : PER 1000 RPM TO 3600 RPM = =—S AT 400 CPS 
Kearfott Tachometers are ideally suited for Size 11 8860-25 275 nsy 
; i $ + ieqy Size 11 R862-22 2.75 . 5V 
applications in aircraft, missiles, and other Su 35 1016.25 yA ; 1S¥ 
equipment requiring precise integration. 


They are compact and light in weight. They ee ne ee ee 


t rs MODEL NO LOAD SPEED STALL TORQUE 
offer excellent environmental resistance due Size 11 R860-25 5500 RPM 0.55 in. oz. 


s ° *Size 11 RB62-22 4500 RPM 0.5 in. oz. 
to all stainless steel construction. Kearfott’s Size 15 1816-25 4500 RPM 0.4 in, o2. 


unique design eliminates the need for ther- *Drag Cup Motor—Maximum starting voltage, 1 volt. 
mostatic temperature control. Units avail- 

able to operate under high temperature Send for data sheet on Kearfott Tachometers and other 
(200°C.), high vibration (500 cps) and Kearfott Components and Systems. 

shock (10 G’s). 


ENGINEERS: 
Challenging opportunities at Kearfott in ad- 
vanced component and systems development. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, Illinois. 
South Central Office: 6211 Denton Drive, Dallas, Texas. 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, California. 
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The Finest Products 
Made with Aluminum 


are made with 


IMPROVING ELECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE TTS EU TT 


ELECTRICAL MANUFACTURING 





where, how and why 
aluminum is reducing material 
and installation costs in 


INTERLOCKED 
RMOR CABLE 


In interlocked armor cable systems, aluminum 
—as the conductor, the shielding tape, the armor 
cover, and in the supporting trays—is offering 
manufacturers and users important benefits. 
Here are some of the advantages of these 
systems and aluminum’s contributions. 
Reduced installed cost and increased cur- 
rent-carrying capacity—aluminum’s light- 
weight and lower material costs are ideally 
suited for this type application. Interlocked 
armor cable systems will carry the same current 
as conduit systems, but in much less space. 
An interlocked armor cable system can be in- 
stalled in approximately half the time required 
for a conventional conduit system, thus reduc- 
ing installed costs. 

Reduced installation and outage time— 
strong, lightweight, easy to handle aluminum 
saves time in both original installation and 
when making current changes or apparatus re- 
pairs. These same aluminum advantages are 
also applied in cable trays that support the 
cables...as in systems such as Globetray, 
which is manufactured by the Products Divi- 
sion of the Globe Company, Chicago. Alumi- 
num’s corrosion resistance and its non-magnetic 
property make it ideal in most chemical and 
industrial applications. 


Reduced weight and space requirements— 
aluminum cable systems weigh up to one-third 
less than other types. Lightweight aluminum 
makes possible long runs and less supporting 
structures are required. For example, a 12 foot 
section of an aluminum cable tray can be 
handled by a man using one hand. 


Aluminum has all the properties for inter- 
locked armor cable systems—high electrical 
conductivity, high tensile strength and rigidity 
—yet is flexible to meet layout requirements 
and still reduce costs and increase performance. 


The advantages of aluminum also apply to 
insulated power cables. As the shielding tape 
or sheathing, aluminum provides an impervious 
barrier to liquids and vapors, has excellent 
flame resistance, lowers costs, cable diameter 
and weight. Mechanical strength is maintained, 
yet aluminum sheathed cables can be easily 
worked. 


Reynolds Engineering Service is working with 
many manufacturers of electrical equipment 
used from power source to end use—helping 
improve performance and lower costs with alu- 
minum. For assistance call your nearest 
Reynolds office or write to Reynolds Metals 
Company, P.O. Box 1800-ED, Louisville 1, Ky. 


Watch Reynolds All-Family Television Program “DISNEYLAND”, ABC-TV. 


REYNOLDS ALUMINUM 


Chart shows a com- 
parison between space 
required for an interlocked 
armor cable (3-con- 
ductor 500 MCM) and for 
three single-conductor 500 


3—500 MCM 
Rubber Cables 
in 3-inch conduit 


3/c—500 MCM 


12.5 sq. in. 


33.8 sq. in. 


® £2 


5.12 sq.in. 16.5 sq. in. 


59% S|l% 


VCi Cables 
S!I—2345 


MCM rubber cables in 
conduit. Space is saved 
whether there is one or 


several cables. Space Saved 


By VCi 
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Photomicrograph 
shows comparative 
grain structure of 
ordinary phosphor 
bronze (left) and 
finer, more uniform 
Flexograin. 


TESTS PROVE BETTER FATIGUE LIFE 
with Flexograin phosphor bronze 


Only a specialty mill in phosphor 
bronze could produce a product 
like Flexograin —a uniform, fine- 
grain phosphor bronze with sub- 
stantially better fatigue life. Tests 
prove that Flexograin withstands 
stress and strain that would cause 
failure in ordinary, coarse-grain 
phosphor bronze. Even after tor- 
turous forming operations, 
Flexograin, with its higher duc- 
tility, maintains its smooth, 
bright surface finish. 


H. K. PORTER COMPANY, INC. 


Riverside-Alloy technical experts 
don’t just accommodate phos- 
phor bronze inquiries —they 
concentrate on them. Chances 
are, they can suggest new uses 
for Flexograin that will save you 
money. Wire, write, or call for 
complete details. And for free 
technical bulletin, T-4, which 
describes the properties and uses 
of Flexograin, write today to— 
Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., 
Riverside, N.J. 


RIVERSIDE-ALLOY METAL DIVISION 
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applications, the tubes normally replace 
klystrons, which have a lower operating 
efficiency. 

Typical MA-213 pulsed rf output 
power of 5 watts (or 1 watt ew) is 
obtained from a 450-500 volt anode 
supply. A long-life Philips impregnated 
cathode is used. 

The tubes can be supplied to operate 
at an anode potential of 350 volts d-c. 
Approximate output power ratings at 
this level are 350 mw, ew or 1 watt peak 
pulsed power for a 1 psec pulse at a 
25 per cent duty cycle. A UG-40 A/U 
choke flange terminates the waveguide 
output for convenient coupling into UG- 
52/U waveguide systems. Approximate 
weight is 14 oz. Microwave Associates, 
Inc., Burlington. Mass. 
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PRECISION GANGED 
POTENTIOMETER 


The 300 Series potentiometer is a high 
linearity, precision potentiometer which 
is available with a servo bushing or 
threaded hole mounting. The series has 
an all-anodized, aluminum housing 
built to exacting specifications for the 
instrumentation field. The potentiometer 


ia 


can be obtained with an independent 
linearity of 0.1 per cent and a total re- 
sistance up to 100 k ohms. Non-linear 
windings are also available. 

In the standard 300 Series, each sec- 
tion has been ganged by a stainless 
steel clamp ring, allowing a moisture 
seal to be inserted between sections, yet 
permitting easy phasing of individual 
sections. The 300 Series is provided with 
low-torque. sleeve-type bearings. Torque 
can be reduced to 0.5 oz-in. per section. 
Up to 9 sections can be mounted on a 
shaft. Instrument 
Corp., 7924 So. Exchange Ave., Chicago 
17, Il. 
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common Maurey 


MAGNETIC FLOW METER 


Previously limited to a minimum line 
size of l-in., the magnetic flow meter 
is now available for 14-in. flow lines. 
It will be particularly useful in ratio 
flow control systems where small flows 
are ratioed to larger ones. 

The smaller meter offers the advan- 
tages of the larger instruments (1-in. 
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.- - Your best motor investment is Century 


Century tests every motor... 


to make sure it gives full performance 


Rigorous performance tests are conducted to prove these 
electric motors before they get the Century stamp of ap- 
proval. When you see a Century motor put through its 
paces you know this approval is well earned. 


In this plant there is no “random sampling” or “‘statistical 
average”” on performance. Century tests every motor... 
big as 400 HP, small as 1/20 HP... to make sure you get 
the performance you expect. Field records—and our cus- 
tomers have furnished us impressive ones—are further proof 
your best motor investment is Century. 


Specify Century’s individually tested motors to take care 
of your requirements. Call your local Century man or 
Authorized Century Distributor. 


MOTORS 


CENTURY ELECTRIC COMPANY 


St. Lovis 3, Missouri + Offices and Stock Points in Principal Cities 
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the right combination... 


for electrical power generation and distribution 


Take any assortment of conductors—solid, stranded or irregularly 
shaped. Add one A-MP Solistrand terminal. Bring them together in 
the proper A-MP Dyna-Crimp tool. 

The result is always the same—an electrically-perfect, crimp-sure 
attachment at lower installed cost. Top performance even in adverse 
conditions. 

And Solistrand needs no servicing. This is especially valuable where 
you have power machinery that must be left unmanned for long 
periods. Check these important Solistrand features: 


ws Exclusive double-indented crimp weds Solistrand barrel to conductors 
in a never-fail attachment. 


= Crimping action of Dyna-Crimp tools forces combinations of con- 
ductors into one homogeneous mass. It does this at exactly the right 
pressure—no more, no less—for maximum conductivity and maximum 
strength with no weakening of conductors. 


= Solistrand terminals are scientifically engineered in sizes to fit wires 
from No. 22 to 600 mcm. 


And to serve you better, AMP maintains an international staff of 
field engineers capable of solving all your terminal problems. 


Write for our Solistrand terminal and connector catalog. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 


A-MP products and engineering assistance are available through wholly-owned 
subsidiaries in: Canada » England «+ France « Holland + Japan 
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| and up); namely, over-all accuracy of 


1 per cent of full scale throughout 
the entire scale, no restriction of flow, 
linear flow readings, and performance 
unaffected by pressure, viscosity, den- 
sity or changes in conductivity of the 
flowing liquid. 

The transmitter unit consists of a 
Teflon-insulated non-magnetic flow tube 
containing flush-mounted metallic 
electrodes and surrounded by an a-c 
electromagnet. When a conductive liq- 
uid passes through the tube, an alter- 


| nating voltage is set up between the 
| electrodes which varies linearly in 


proportion to the volume rate of flow. 
Lead wires from the electrodes trans- 
mit this voltage output to a Dynalog 
recorder, producing a chart record in 
appropriate units of flow. Flow rates 
as low as 3 gpm can be measured. 
The Foxboro (sa. Foxboro, Mass. 
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ALL-PLASTIC, CORROSION- 
RESISTANT SOLENOID VALVE 


The SV-5100 series of  all-plastic, 
| corrosion-resistant solenoid valves has 


no metal contact with the fluid. De- 
signed specifically to handle most cor- 
rosive media used in industry, the SV- 
5100 will, in many cases, outlast its 
stainless steel counterpart 100 to 1. 
The 115 volt a-c, 60 cycle unit fea- 
tures current drain of 10 watts max. 
It is made of molded nylon with a plas- 
tic diaphragm seal that assures bubble- 
tight sealing. Valve may be taken apart 
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AMPli-var splices 
can be used on 
solid or stranded 

8 conductors, or 
combinations thereof. 


iin, 


The NEW AMPli-var splice 


for identical, mass produced splices of 
enamel, poly-vinyl acetal and similarly coated wire 


‘The cutaway of the AMPIli-var splice shows how the conductor material and serra- 
tions are bonded by extrusion for added strength and electrical contact. The splice 
is as corrosion resistant as the wire itself. 


The AMP Horizontal Automachine . . . ideal for assembly line production . . . uses 
AMPli-var splice connectors in strip form, for automatic splicing as fast as the 
operator can insert the wires. 


AMPli-var splices, with multiple ring stripping action, eliminate scraping, dis- 
solving in solvents, burning, or other methods for removing insulation. Included 
among its many other features are: 

NO HEAT DAMAGE TO WIRE OR INSULATION—as often occurs in alternate methods of 
splicing. 

SMALL SiZE—scarcely larger than the wires themselves, but design-engineered to 
lock wire and connector into a high tensile strength splice. 

CORROSION RESISTANT—the joint is hermetically sealed during splicing. 

LOWER INSTALLED COSTS—eliminates soldering materials and equipment. . . requires 
less wire . . . reduces time required to make the splice. 


Further information is available on request. 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly-owned subsidiaries in: CanadaeEnglandeFranceeHollande Japan 
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for cleaning and inspection without re- 
moving it from the lines. All fittings are 
an integral, molded part of the body. 

Glass - impregnated, continuous - duty 
coil eliminates electrical failures due to 
moisture. The standard model is 
equipped with 24 in. pigtail leads. 
Molded coils, conduit connections and 
lead length variations are available. 

The SV-5100 series is suitable for 
handling acetic acid, fatty acids, non- 
oxidizing and oxidizing chlorides, sul- 
phuric acid salts, phosphoric acid, so- 
dium phosphate, and hydrochloric acid. 
Valcor Engineering Corp., 365 Carnegie 
Ave.. Kenilworth, N. J. 
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GLOW LAMP 20 TIMES 
BRIGHTER 


High brightness glow lamp NE-51H is 
20 times as bright as previous models. 
When operated in series with the 
recommended resistor, it has a life in 
excess of 5000 hr. It has the same 


- 


CORD SETS 


MADE BY ENGINEERS FOR ENGINEERS 


No "time off’ expected for good 


eye nt fr Te Pee | rugged structure and physical dimen- 
BLUE CHIP Cord sets to your ; een ae Oe Seen 


ee , . The lamp is intended for use as a 
special re quirements, produces 


them with a KNOW-HOW that pilot lamp on a-c circuits only, For 
insures trusty service on America’s optimum performance on 110-125 volts, 
finest electrical equipment and Eedbronesl of 25,000 ohms should be 
appliances. No charge for con- | used in series with the lamp. 
fg a a | Specifications are: watts (nominal) 
14; design current—2 ma; _ series 
Don't take chances... CORNISH ‘em! resistance required—25,000 ohms (2) ; 
bulb diameter—T-3'44; maximum over- 
all length—1%e6 in.; base—S.C. minia- 
ture bayonet. General Electric Co., 
Miniature Lamp Dept., Nela_ Park, 
Cleveland, Ohio. 


Circle No. 531, Reader Inquiry Service Cards 
on page 17 


MINIATURE BALL BEARINGS 


QCM re he a OF VACUUM-MELT STAINLESS 
COLOR Line of miniature ball bearings is said 


Om a aces to be the first in the industry to be 
; made entirely of vacuum-melt 440-C 
UR a RURAL stainless steel. Intended for use in 
sensitive control instruments, missiles 


— ” — aes | and computer elements, the tiny bear- 
“CORNISH WIRE COMPANY, wc. By) | ines ‘mathe more perfect fished 
fe and more resistant to in-service cor- 
50 Church Street New York - N. ¥; rosion. 
— : = Another feature is the fact that the 
CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY company has not sacrificed optimum 
ball and ring sizes in order to make 
Sees aoe 4 rr maar oe Balle ‘os genie the ball retainers interchangeable. Each 
Pete aes: Pe street: @ PHILADELPHIA PITTSBURGH bearing size has its own specially de- 
SHESTER @ ST. LOUIS @ SAN FRANCISC TTLE w ray rE “i ° . ee 
cyt Baer tect ta signed retainer, producing a superior 


REPRESENTATIVES 
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CONTROL is first! Now-—one step 
static control with switching reactors 


No wonder Nikita looks worried. CONTROL has taken the 


strain off American industry’s pocketbook by cutting the 
cost of static control. 


American engineers who want to make free use of power 
switching guided by digital logic can now take over, be- 
cause ConTROL’s standard line of switching reactors give 
freedom of design and economy never before available. 


First, one-step static control with switching reactors is so 
easy to operate it can be put to work in everyday sequenc- 
ing and switching problems involving either a-c or d-« 
loads. Auxiliary equipment is eliminated by the basketful. 
Gone are all the preamplifiers, special power supplies, 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching reactor 
does most of the job by itself. 


Second, these units, in four nominal volt-ampere ratings 
of 15, 75, 150 and 300, have no relay contacts or moving 
parts to replace. Switching is by impedance change. Install 
them and forget them—no wear, no maintenance. 

Third, each ConTROL reactor performs all logic functions 
—AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose control coils. Signal source is derived typically 
from limit switches, push buttons, or photo-cells. 


Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
are handled without difficulty. 

To learn how Controvt reactors work, and how they'll 
fit your need for completely dependable, low-cost, ver- 
satile static control, write—and see why Nikita looks wor- 
ried. CONTROL, Dept.EM46, Butler, Pa. U.S. A. 


Reliability begins with CONTROL, 


*Expurgated translation. Heavens-to-Betsy! 


A DIVISION. OF MAGNETICS, INC. 
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LOOKING 
FOR THE 


balance of parts. They are made to 
ARGC-5 tolerances or better. 

The combination of vacuum-melt 
stainless steel and the centerless-type 
internal and external grinding ma- 
chines enable the company to produce 
perfect “race geometry.” This gives the 
bearings much lower torque and _ fric- 
tion values. 

Seven basic sizes and 4 design vari- 
ations of each size are included. Sizes 
range from a “%g2-in. bore and ¢-in. 
OD to a '%4-in. bore and *%¢-in. OD. 
Basic types are: open, flanged, two 
shields and flanged two shields. The 
Fafnir Bearing Co., New Britain, Conn. 
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SENSITIVE 4PDT RELAY 


Type 104 sensitive relay is offered in 
contact combination of 4PDT (4 Form 
C) with sensitivity as low as 1 mw per 
contact. It is designed with a complete 
wipe action, which has the feature of 
minimizing bounce and chatter at nor- 
mal operating voltages. The wipe action 
insures good contact connection through 
its self-cleaning action. The relay is 


TRY available for very close differential ap- 


plications where drop-out is required as 

close as 85 per cent of pick-up. 
THIS Type 104 is available either open or 
with detachable aluminum dust cover 


NUMBER or hermetically sealed. Dust cover or 


open types have an accessible spring- 


screw adjustment for varying contact 
pressure, as well as pick-up and drop- 
out characteristics. The relay is de- 

(At right) Advance TQ type is 
our smallest telephone relay: All Advance Telephone Re- 
Length, 1"%2"; Width, 7%"; lays feature small size, short 
Height, from 1” to 1'%2”. armature travel, and highly 
SPECIFICATIONS efficient magnetic structure. 
Coil resistance, 2C: From 40 Ohms at 6 volts, DC, to In addition to the type TQ 
12,000 Ohms at 110 volts, DC. ‘“Miniature”’ telephone relay 
Coil resistance, 6C: From 10 Ohms at 6 volts, DC, to (illustrated), which has a con- 
5,000 Ohms at 110 volts, DC. tact rating of 3 amps resistive, 
Nominal power required: 2C, 1.0 watts nominal (appr.); Advance also offers the TF 


ai a 38 ae on Soca sl Midget’ the TD “Small"’ and 
ontact rating: 3 amps resistive, 1 amp inductive a * tpl ag et, 
volts AC or 26.5 DC. the TS ees ae with 

Contact arrangement: Available in form A, B, C, D, or a contact rating o amps. | 
E, up to a maximum of 6 Poles. 


signed for d-c operation, but is also 
made for a-c using selenium rectifiers o1 
diodes self-contained within the enclos- 


Available From Leading Distributors 


WRITE FOR COMPLETE DETAILS 
You'll want all 4 data sheets for your file: TQ, TF, TD & TS. 


povANce 


“SES ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
aA ELGIN NATIONAL WATCH COMPANY 


Dept. C, 2435 N. Naomi St., Burbank, California 
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KEEP UP-TO-DATE ON MAGNETICS 


Here are laminations for miniaturization 


If you are making transformers for transistorized or other 
miniaturized equipment, information about our ultra-small 
size “performance-guaranteed” laminations can be impor- 


tant news to you. These nickel-iron laminations are produced 
in standard gauges, and are available in Hy Mu 80, 48 Alloy 
and, if required, Orthonol. 


Dry-hydrogen annealed by our exclusive process, these 
laminations provide all-important uniform quality. This 
annealing at a dewpoint of -60°C. brings our Performance- 
Guaranteed laminations to ultimate permeability from as 
little as 5% of that value in the unannealed state. 


Like all laminations from Magnetics, Inc., the “miniatures” 
are packed in standard nine-inch boxes to facilitate handling 
in your plant, and are immediately available from stock. 


These features alone provide substantial savings. 


APRIL 195¢ 


Edges of these fine tolerance laminations are cut off squarely 
and cleanly to minimize air gap where mating parts are 
butted. Thus, high operating efficiency is insured. 


There’s no room here for the really detailed story, but for 
complete information on our “Performance-Guaranteed” 
magnetic laminations, send for our newest catalog—just 
published—ML-301. Write today. Magnetics, Inc., Dept. 


EM-41, Butler, Pennsylvania. 


MAGIHETICS inc. 
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ure. Standard coil resistance is up to 
30 k ohms, with special winding to 100 
k ohms. 

wala: * Contact capacity is 1 amp inductive 


rk or 3 amp resistive at 115 volts a-c or 
mL : 29 volts d-c. Contacts are available in 
silver, palladium, silver cadmium oxide 
or gold alloy. The armature is designed 
with friction-free movement and no 
hinge pins are used. Non-ferrous metals 
and hydrogen annealing of al magnetic 
components eliminate iron-aging and 
residual magnetism. General Automatic 
Corp., 12 Carlton Ave., Mountain View, 


quick solution to N. J. 
space problems Circle No. 533, Reader neuby Service Cards 
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CURRENT CONVERTER 


This transformer-rectifier assembly des- 
ignated as Model 9866 current converter 
is intended primarily for use with the 
company’s d-c instrument-type relays 


or recording potentiometers, but is 


1-1/4” diameter equally applicable with indicating in- 
struments or other devices having input 

permanent 

magnet motor 


Let this compact, new Barber-Colman 
FYLM d-c motor help you answer 
design problems calling for limited 
motor area. Only 1.25” diameter . 
length 1.77” to 2.40”. Capable of 
operating in ambient temperatures 
from —65°F. to +200°F, a typical 
continuous-duty 26-volt motor 
: rated 15 millihorsepower at 9700 
slightly more rpm, requires 0.6 ampere, and 
than the diometer weighs 0.33 Ib. 
of a half dollar, this new space- 
saving, weightsaving d:c motor | teristics matchin pecified out 
fits neatly into problem spaces. : , ee Se ae : 
Explisiomeprtiok cyiaaicel. : ® Double shielded ball bearings. puts. : 
velope. Designed to MIL-M-8609 Output shafts up to 3/16" may be Model 9866 is available in three types 
specifications. Write for techni- specified. for 60 cycle use in current circuits up 


cal bulletins. Dynamic braking can be utilized. to 5 amp. One type is designed for d-c 
output of 1 ma into 100 ohms, and is 
intended for use with indicating instru- 


@ Patented symmetrical progressive 
lap winding. 


THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out eae a . 
put up to 1/10 hp permanent magnet and split | 100 ohms and is intended for use with 


ments and Sensitrol relays. Another 
type provides a d-c output of 5 ma into 


series types various mountings and speeds sensitive relays. The third type 1s for 
also available with gearheads or blowers. Tach 50 


i my open circuits d-c output, and 
polarized relays Generators for 


accurate speed indication and 
servo rate control applications Choppers that , . ; 
require extremely low driving power Resonant devices such as indic ating or recording 


was developed for use with null-balance 


Relays characterized by low operating power, } potentiometers. Weston Instruments, 


narrow band width. Ultra-Sensitive Polarized Re- | Div. of Daystrom, Inc., Newark 12, N. J. 
ays Operating on input powers as low as 40 micro 7 


watts. 400 Cycle A-C Motors for aircraft and | Circle No. 534, Reader Inquiry Service Cards 


400 cycle a-c motors missile applications on page 17 


TECHNICAL BULLETIN SERVICE 


on all Barber-Colmon electrical [JE | METHYL PHENYL SILICONE 
components. Detailed specifica- es Gi FLUID 


tions, performance data, circuitry —™ Pe 
t drawings. Write for bulletins on fi" ; Methyl phenyl silicone fluid will with- 
n | 7 
tach generators any or all products stand more than 1000 hr exposure to 


air at 250 C without decomposing or 


B ARBER- ae OLMAN os OMPAN Y gelling. Designated 81705, this fluid 


= ie can be used for a variety of applica- 
wae: D, 1803 Rock Street, Rockford, Illinois tions over the temperature range of 


Electrical Components * Small Motors * Automatic Controls * Industrial Instruments —40 to 500F. 
Aircraft Controls ° Air Distribution Products ° Overdoors and Operators Its high heat stability and oxidation 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery resistance are accompanied by low 
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volatility, high flash point, good elec- 
trical properties and good lubricity. 
While 81705 does not have the viscos- 
ity-temperature stability of methyl sil- 
icone fluids, its viscosity-temperature 
performance is superior to that of 
petroleum fluids. At 25 C, the viscosity 
of 81705 is between 100 and 150 
centistokes. 

Because of its temperature and oxi- 
dative stability, 81705 is suggested 
for use as a heat transfer medium in 
thermostatic controls, high tempera- 
ture instrument calibration and oil 
sterilization baths. Its low power fac- 
tor and a dielectric strength exceeding 
30 kv suggest its use as a liquid dielec- 
tric for capacitors, condensers and 
small transformers. 

Fluid 81705 will serve as a high tem- 
perature lubricant for instruments, 
clocks, timers, thermostats, oven doors, 
conveyor bearings and other applica- 
tions requiring heat stability, high 
flash point, viscosity stability and 
high resistance to oxidation. Silicone 
Products Dept., General Electric Co., 
Waterford, N. Y. 
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INSTRUMENT MAGNETIC 
AMPLIFIER 


)-C amplifiers for instruments and auto- 
matic controls have initial standoff 
errors of less than about one part in 
20 thousand of full power output. These 
amplifiers operate directly from 115 
volt 60 cycle power line, require no 
hias or compensating supply. Fluctu- 
ations in operating conditions change 
null by less than about 2 parts in 10 
thousand of full power output. 


Precision and stability are obtained 
hy using a push-pull magnetic ampli- 
fier with the 2 half amplifiers in each 
pair accurately matched to each other. 
Such units amplify polarity-reversible 
d-c and low-frequency signals from 
thermocouples, strain gauges and simi- 
lar low-impedance sources. Ferrac am- 
plifiers have linear response to at least 


7.5 d-c volts output into 1000-ohm 
loads. 


The amplifiers have two isolated con- 
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mr a-c gmall motors 


AR : wide variety ... fast delivery 


HIGH QUALITY 
AT LOW COST 


Put these high-quality, precision- 
made motors into your product 
and be assured of long, trouble-free 
service — at a reasonable price. 
Look at these “plus” features: 


High torque — Small size 
Large oil reservoirs 

Porous bronze or ball bearings 
Long life, rugged construction 
Exceptionally quiet-running 


UNIDIRECTIONAL 


High torque for quick, positive 
starting. Excellent for driving 
dictating machines, pumps, vending 
machines, fans, blowers, office 
machines, vaporizers, and other 
applications requiring dependable 
performance under adverse operating 
conditions. Up to 1/20 hp. 


REVERSIBLE 


Adaptable toa variety of control circuits 
and power requirements. Outstanding 
for various applications requiring a 
compact, powerful, fast-reversing motor 

. such as servo-mechanisms, remote 
switching and positioning devices, 
recording instruments, voltage 
regulators. Available with or without 
gear trains. Open or enclosed types. 
Up to 1/25 hp. 


SYNCHRONOUS 


These motors combine accurate 
timing and high torque with light 
weight and compactness. Widely 
used for x-ray timers, microfilm 
cameras, recorders, timers, and 
viscometers. Develop 30 times the 
power of ordinary clock motors. 


GEARED 


Available with enclosed or open gear 
reductions. Precision-machined gears 
running on accurate centers assure 
long life under heavy loads. Wide 
range of gear ratios. Used extensively 
in vending machines, electric signs, 
displays, high-voltage switchgear 

and remote positioning controls. 


FREE CATALOG HELPS SELECT MOTOR NEEDED... 


Get the helpful condensed catalog of Barber-Colman shaded pole small motors. 
Contains complete descriptions of above motors, shows typical specifications, 


performance characteristics, control circuit diagrams. Write for your copy. 


BARBER-COLMAN COMPAN 
Dept. D, 1203 Rock Street, Rockford, Illinois 


Small Motors ° Automatic Controls ° Industrial Instruments ° Aircraft Controls 


Electrical Components ° Air Distribution Products ° Overdoors and Operators 


Molded Products ° Metal Cutting Tools ° Machine Tools ° Textile Machinery 
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trol windings with at least 10 megohms 
insulation to case and are rated for 
operation from —55 C to +85 C, are 
hermetically sealed, withstand 10 
vibration from 10 to 2000 cps and 30 ; 


S 


FOREROGD 


CARTRIDGE HEATER 


shocks of 11 millisee duration along 
all principal axes. Comparable units 
are also available for operation from 
100-cycle power lines. Airpax Products 
Co., Seminole Div., Ft. Lauderdale, Fla. 
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INTEGRATING MAGNETIC 
AMPLIFIER 

Model 430 is a plug-in, hermetically 
sealed, integrating magnetic amplifier 
which requires less than 3 watts and 


AT which operates from any standard 115 


volt, 400 cycle power supply. Control 


IN OPEN AIR 


winding A has a nominal gain of one 
volt d-e output for 100 pamp d-c input 


FOR 720 HOURS 


AT 90 WATTS sa. in. eZ 


ACTUAL TESTS -— not just claims — are proving the 


superiority of the new WATLOW FIREROD Cartridge 
Heating Unit. 


Take, for example, the endurance test headlined above: a 
FIREROD unit, rated at 115 v., 250 w., and measuring 21” 
long x 2” dia., has been operated at a sheath temperature of 
1800° F. for more than 720 continuous hours. A conventional 
unit of similar size would last just minutes, even though 
rated at much lower wattage! 


In actual use, this means you can operate a WATLOW 
FIREROD at higher watts densities and temperatures and 
still get long life — or operate at normal watts densities and 
temperatures and get greatly extended life. 


operation 
data, style information, etc., write for your FREE Illus- 
trated Watlow Bulletin. 


1362 Ferguson Avenue 
Saint Louis 14, Missouri 


Circle 188 on page 17 


- 
115V 400 CPS & 
POWER INPUTS 

3 


DC INPUT A 
DC INPUT B 


current. Control winding B has a 
nominal gain of 10 volts d-c output 
for 100 pamp d-c input current. Signal 
frequency response extends from d-c 
to 25 eps, depending on circuitry. 

Model 430 can be used with feed- 
back circuits to achieve input resist- 
ances of up to one megohm and line- 
arities of 1 per cent. Gain adjustments, 
zero balance controls and special bias 
supplies are not required. 

Typical applications include: mag- 
netic tape controls, missile and air- 
craft null balance detectors and veloci- 
ty-stabilized film transports. Acromag. 

22519 Telegraph Rd., Detroit 41, 
Mich. 
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P-N-P PHOTOTRANSISTOR 


Type 2N469 p-n-p phototransistor 1s 
an improved version of the type 2N318 
phototransistor, being smaller and hav- 
ing greater optical sensitivity. It has 
a wide variety of industrial and mili- 
tary applications where light is util- 
ized to activate electronic equipment 
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7 This book can help you do a better job 


If your job includes the design, engineering or purchasing of springs, you 
have probably heard of the Accurate Springs Handbook ... you may even 
have a copy. If not, we'd like you to know about it. 

This book contains 40 pages of authoritative data and information. You 
can use the Accurate Handbook as a valuable timesaver . . . a handy refer- 
ence and guide. To obtain a free copy, simply send a request on your com- 
pany letterhead. There is no obligation, of course. 

When you’re faced with unusual spring problems, bring them to us. You'll 
find Accurate engineering, service and quality an asset when the job calls 
for precision springs, dependable production and low ultimate cost. 


en ye T SPRINGS ~« WIRE FORMS . STAMPINGS 


yyy yaaa) 
Wi, i 


3817 W. Lake St., Chicago 24, Illinois 


SPRING MANUFACTURING COMPANY 
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ROTOSIL «+ OPTOSIL * HOMOSIL «© ULTRASIL 


CENTER FOR HIGH-PURITY FUSED QUARTZ 


Amersil processes for producing fused 

quartz and silica of the highest possible 

£ purity, in fabricated laboratory and pro- 
“a duction equipment—make Amersil the 
| primary supply source for all industrial 
applications where such critical purity is 


a factor. 
eS A fine service plan is keyed to your 
requirements. Here, complete ranges of 
standard apparatus, crucibles, trays, cyl- 
indrical containers and tubing (up to 25” 
diam.) are available for prompt delivery. 


® Amersil engineers are available to assist 
rae 


paren FoR WGN PURITY FUSED OUARTE 


in developing special equipment to in- 
dividual requirements. ee ee 


Catalog and technical data available upon request. 


SIM GS EE LL FA PA FRATD 1 IMI L/S 7 Fe SS, FING. 


AMERSIL QUARTZ DIVISION 


685 RAMSEY AVENUE ° HILLSIDE 5, NEW JERSEY 
Circle 189 on page 17 


this new 


gearhead 
motor 


PROVIDES LOW-COST 
SLOW MOTION 


This gear-head motor, like all Brevel motors, is volume pro 
duced . to your exact specifications—or you can order from 
a wide stock selection. Modifications are easily made to meet 
desired speed, rotation, shaft length, and type of application 
continuous or intermittent 


Write, wire or phone today, for informative bulletin EM-104. 
Better still, outline your problem or send us your specifications— i 6B REVE om 


BREVEL PRODUCTS CORP., 601 W. 26th St.. New York « WA 4-4737 


SLOW MOTION 1S OUR BUSINESS! 
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and is especially important in punched 
card and tape readouts in computer 
systems. 

Features of the 2N469 are small 
size, low power consumption, head-on 
construction, good light sensitivity, 
high gain and low leakage current. 
The 2N469 also is highly resistant to 
shock and vibration. 

Other applications include automatic 
machining operations, dimmers and 
alarm systems. General Transistor 
Corp., 91-27 138th PL, Jamaica, N. Y. 
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PHOTOELECTRIC ROTARY 
SWITCH 


The PHOTOSY NC is a rotary cam-type 
switch that employs electro-optical tech- 
niques to eliminate low resolution, cam 
and switch wear. contact bounce, and 
slow response. A direct-coupled voltage 
change is produced whenever the input 
shaft angle crosses one or more sets of 
two predetermined angular settings. An 
optical shutter mounted directly on the 


input shaft gates the light path between 
a 10,000 hr incandescent lamp and a 
variable resistance type photo-tran- 
sistor. 

Mechanical phase alignment is ob- 
tained by rotating the dust-tight as- 
sembly after completion of the installa- 
tion. The driving equipment can be run- 
ning normally at full speed if desired 
when making the adjustment. The as- 
sembly includes sealed ball bearings for 
the 14 in. diam input shaft. Housing 
dimensions are 4°, in. OD by 4%¢ in. 
long. 

Optical shutters can be cut for any 
angular limits between 0.1 and 358 
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ASCO Offers the Highest Efficiency 2 Pole 
Shaded Pole Motor Ever Developed... 


Zz 
162% More Power. ..8% Less Weight 


than any other motor of comparable size. 


The Fasco No. 21 Frame Motor is completely new in 

design from lamination up . . . not a modification— 

not a stripped down motor. Here is a motor that will power 
Available in multiple stack lengths your product smoothly, quietly, dependably—and do it 
with H.P. ratings up to 1/25 with higher efficiency in less space and with less weight— 
(skeleton or steel case enclosed) which means savings all along the line. This, coupled 

with Fasco’s reputation for building rugged motors 
APPLICATIONS of heavy-duty design, guarantees long, trouble-free 
service life . . . a decided asset in helping you 
to win and hold customer confidence in your product. 


21K 


FANS...BLOWERS...PUMPS 
... TAPE RECORDERS... ANI- Check Th Feat d th FASCO “21 
ec ese Features—an e new rae 
TSS CSS... Caos will Unquestionably be the Motor of Your Choice . . . 
MACHINES and many others. e@ Highest H.P. per pound in a 2 pole multi-speed, shaded pole motor. 
e High efficiency . . . smooth speed control . . . low noise level. . . 
minimum stray fields . . . exceptional dynamic stability. 
e@ Heavy-duty characteristics made possible by precision fits, die cast 
rotor, rugged alignment, massive bearing construction with an extra 


Capacity, pre-charged oil storage system which assures lifetime lu- 
brication. 


Write, wire or call us, or the Fasco field office 
nearest you, and a field engineering specialist 
will call at your plant to study your particular 


Internal Fan application. 

mye teat il ASCO Inoustrics, Inc. 
F.H.P.M 

iam Reames Rochester 2, N.Y. 


for the asking. Tel. HAmilton 6-1800 


21A-Pressed Steel Case 21R-Pressed Steel Case 


BRANCH ENGINEERING OFFICES 
East North Central 1645 Harold Drive North Central 5306 W. Lawrence Ave. West Coast ~ PB. 0. Box 305 
Dayton 6, Ohio CRestview 4-9514 Chicago 30, ill. Kildare 5-0556 LaHabra, Calif... OWen 7-3815 


Mid Central 1110 S. Brentwood Bivd. South Central 4924 Greenville Ave. Home Office 255. Union St. 
St. Louis 17, Mo. PArkview 1-0866 Dallas 6, Texas EMerson 8-2603 Rochester 2, N. ¥.° HA6-1800 
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NEW OVERLOAD RELAYS 


LOCALIZE FAULTS INSTANTLY 


A 


for easier Bie-lu-)(-iilel sali: 


Widely used (and highly praised) in its standard, non- 
indicating form, Heinemann’s Type C Relay is now availa- 
ble in two new models designed to simplify equipment 
troubleshooting. The new relays offer the same close- 
tolerance overload protection, the same temperature-stable 
tripping characteristics and the same selection of time-delay 
responses as the standard Type C. 


The Trip Indicator Model remakes contact immediately 
after tripping, but its indicator tab remains extended to 
show that an electrical fault has occurred. 


The Manual Reset Model locks-out after a fault until re- 
set by means of its combination indicator-reset tab. 


All models, of course, operate on Heinemann’s well-proven 
principle of hydraulically controlled time delay with mag- 
netic actuation. Tripping is instantaneous on short circuits 

. Or On any overload exceeding the fixed instantaneous- 
trip current value. Effective single phasing protection is pro- 
vided for polyphase motors. And because the Type C Relay 
uses no thermal elements, it may be accurately and closely 
rated to the safe loading limits of the protected equipment 
— without compensation for ambient temperature effects. 
“Must-hold” and “must-trip” points are, therefore, reliable 
values which assure precise, permanent overload protection. 


Complete information and de- 
tailed specifications are given in 
Bulletin 5103. Write for a copy. 





ELECTRIC COMPANY 


99 Plum Street Trenton 2, N. J. 
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degrees. Positive or negative-going sig- 
nals from 2 to 10 volts magnitude at an 
impedance level of 10 k ohms can be 
obtained by proper arrangement of ex- 
ternal wiring and choice of input supply 
voltage. Mechanical phasing adjustment 
exceeds 360 degrees. Electrical response 
time is essentially independent of ro- 
tational speed for shaft inputs under 
5000 rpm. Automation, Inc., Wellesley 
Hills 81, Mass. 


Circle No. 539, Reader Inquiry Service Cards 
on page 17 


ELECTRICAL DISCONNECT 


Designed specifically for use in missile 
operations for umbilical disconnects or 
other severing functions where guillo- 
tine choppers are not feasible, Model 
2011A explosive electrical disconnect is 
designed around the 55-circuit Bendix 
pygmy connector. It converts this unit 


into a reusable explosive-actuated de- 
vice without altering in any way the 
electrical characteristics of the original 
connector. 

Incorporated into the structure are 
threaded receptacles for two electrical 
primers which can be of a wide variety 
of types. 

Design of the unit is such that the 
connector is severed by the explosion 
of either or both primers, thereby en- 
hancing reliability and permitting se- 
lective circuit application if desired. 
Two shear pins are included in the 
structure to hold the connector firmly 
seated until it is deliberately fired. 
Beckman & Whitley, Inc., 911 San 
Carlos Ave., San Carlos, Calif. 
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HIGHLY SENSITIVE 
MINIATURE THERMOSTAT 


Miniature THERMOSWITCH — unit 
Model 32400-0 has an overall size of 
1.25 in. long x 0.562 in. high x 0.401 
in. deep and has an inherent sensitivity 
of less than 1 F. These characteristics 
make it useful in such applications as 
crystal or transistor ovens. Another 
application is in missile batteries, in 
maintaining proper temperature levels 
to activate the battery rapidly. 
Electrical terminals are _ isolated 
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THE PROBLEM: 


To seal a rotary pump handling a wide range of fluid viscosities, pressures and temperatures 


These pumps are performing dependably in hundreds from 28” Hg to 5 psi, and from 50 to 8000 rpm. This 


of different hydraulic applications. They handle any is only one of the thousands of ways in which C/R 


fluid with lubricating qualities ... deliver up to 180 Oil Seals and engineering are solving difficult sealing 


gph, and maintain high volumetric efficiency even problems throughout industry. C/R engineers can 
with low viscosity fluids. This particular pump also help you, too—especially where critical conditions 
carries Underwriters’ Laboratories approval for use exist. A letter or telephone call will get them started 
in oil burners. For dependable sealing, C/R’s Type for you. Write for your copy of the catalog, “C/R 
HMS Oil Seal was chosen. It performs effectively OIL SEALS.” 


More automobiles, farm and industrial machines rely on C/R Oil Seals 
CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE ¢ CHICAGO 22, ILLINOIS 


than on any similar sealing device. c 
UTR 218 Re ERS T 
Offices in 55 principal cities. See your telephone book. 


in Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, Ltd., Hamilton, Ontario. 4 a i Cc A eC oO 
Export Sales: Geon International Corp., Great Neck, New York 
c/R PropucTs: C/R Shaft and End Face Seals « Sirvene (synthetic rubber) molded pliable 


parts e Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metallic Gears R yeas i i D | > 
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Actual size photos 
Open type 
Enclosed in clear 
plastic with octal 
style base 


HERE'S REAL CONTACT RELIABILITY IN 


Small, low cost, 


General Purpose Relays 


These new Struthers-Dunn 214 Frame Relays 
handle any general purpose application within 
their rating—and do it at materially lower 
cost, in less space, with less weight. 
Maximum contact reliability is a prime 
feature of their design. Grade GS melamine 
bonded fibre glass insulation insures excep- 
tional firm contact support with adequate pro- 
tection against temperature and humidity 
A wide hinge maintains accurate 
contact alignment and increases operating life. 


AVAILABLE 
FOR 
PROMPT 
DELIVERY 
FROM 
STOCK 


changes. 


CONTACT TYPES: SPDT, DPDT and 3PDT 
CONTACT RATING: 5 amps. at 11ISV AC 
COILS: to 115V AC and DC 


SD Data Bulletin 2214 on request 


iS STRUTHERS-DUNN, Inc. 


Pitman, N. J. 


Makers of the world’s largest selection of relay types 


Sales Engineering Offices in: Atlanta + Boston + Buffalo « Chicago + Cincinnati 
Cleveland + Dallas * Dayton « Detroit « Kansas City + Los Angeles « Montreal « New 
Orleans +» New York « Pittsburgh * St. Louis » San Francisco « Seattle * Toronto 
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from ground. In addition, the corrosion- 
resistant type 305 stainless steel shell 
is thin-wall construction, having a 
low thermal 
fast response to temperature variations. 


limits are 


mass and consequently, 


Operating temperature 
65 to 220 F, 
adjusted by means of an integral ad- 
20 to 200 F 
range. Soft-solder sealing of the ad- 


and the switch can be 
justing screw over a 


justing screw permits settings to be 
made without destroying the hermetic 
seal. 

Testing at 500 cps vibration with 
10 g acceleration has shown that tem- 
perature set point will not shift over 
+3 F. Set point will also stay within 
specified limits for continuous opera- 
tion of 25.000 cycles. Other character- 
istics are: 1250 volts a-c dielectric 
strength; 2.5 amp, 115 volts a-c, 2.0 
amp, 28 volts d-c current rating; and 
20 megohm insulation resistance. Fen- 
wal Inc.. Pleasant St., Ashland, Mass. 
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ENVIRONMENT-FREE 
SUBMINIATURE SWITCH 


Designed for use where dirt, water, or 
oil might interfere with the operation of 
an unsealed switch, Type EA 1 sub- 
miniature environment-free switch 
is sealed against entrance of foreign 
a Mil- 
is enclosed in a 
treated 
embedded in an 


matter. The operating element 
Type USM5 switch 
housing of corrosion-resistant 
aluminum and _ is 
epoxy resin. An elastomer seal, bonded 
to the operating pin and to the metal 
housing, permits free movement of the 
pin, yet keeps dirt and moisture out 
of the switch so that the unit can be 
operated immersed in a liquid. It can 
also be used in high altitude applica- 
tions at maximum rating for short peri- 
ods of time. 

Type EA 1 is furnished with 3 in- 
sulated wire leads to specified length, 
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Seeburg designers choose P-K screws 


COME cay 
ee Rela 
to the job! 


Joseph Kamys, engineer, J. P. Seeburg Corporation, 
Chicago, manufacturers of coin operated phonographs 
says, ‘‘Seeburg standards demand attention to every 
detail—quality workmanship and materials throughout. 
With Parker-Kalon screws, we can match the fastener to 
the specific application—be sure of dependable results.”’ 


Attachment of metal base molding and kickplate to 
a Seeburg cabinet, in a metal-to-wood application. 
‘Rather than use ordinary wood screws, we power-drive 
P-K Self-tapping Type-A,”’ says Mr. Kamys. ‘“‘Holding 
power is far better, there’s less chance of wood splitting, 
and fewer rejects at inspection.” 


If you are designing a new product or new model, it will pay 
you to talk with a Parker-Kalon Field Engineer. He can help 
in the selection of proper fasteners, can often suggest ways to 
speed production—cut costs. You can contact him through your 
local Parker-Kalon Industrial Supply Distributor. 


PARKER-KALON DIVISION, General American 
Transportation Corporation, Manufacturers of Self- 
tapping Screws, Socket Screws, Screwnails, Masonry 
Nails, Wing Nuts and Thumb Screws. 


Sold Everywhere Through Leading Industrial Distrib- 
utors. Factory: Clifton, New Jersey—Warehouses: 
Chicago, Illinois, Los Angeles, Calif. 
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Here, metal rims of two high-frequency speakers are 
fastened to a formed, one-piece, plastic housing. ‘‘In 
this metal-to-plastic application we have not only the 
problem of possible plastic breakage, but the fastener 
used must be highly resistant to vibration. We find 
P-K thread-forming Type-Z screws highly satisfactory.”’ 


Maly 


fasteners 
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on 


out 


BAC ER eS 
MULE 


Le A Se TL 


NTT 
uninterrupted 
arise 8 Th 
is assured 

with Electri-Flex 
GU 0) Se 
TMI TDM caine 
TC mL 
Phe 


LIQUATITE eliminates costly shorts, 
burnouts, slow-ups, re-wiring and 
costly downtime caused by oil, 
chemicals, water, corrosive fumes 
and vapors, grease, dirt, salt air 
and spray, coolants, abrasives, 
weather and other injurious elements. 


LIQUATITE positive seal provides 
definite protection of rigid conduit 
plus resistance to abuse, rough 
handling and scuffing. Its complete 
flexibility compensates for equip- 
ment motion and vibration 


ideal for easy, quick installation — 
even for ‘‘hard-to-get-at'’ locations. 


In standard Machine Tool Gray or 
Black . . . in conduit sizes from 
%y” to 4” in standard coil 
footage (sizes and foot-marked on 
jacket) in easy to handle 
special payout cartons or non- 
returnable reels. 


ELECTRI-FLEX COMPANY 


ROSELLE, I 


LLINOIS 


Electri-Flex Company 


Roselle, Illinois 


Please send, without obligation, your literature, prices and 
sample of Electric-Flex LIQUATITE flexible wiring conduit. 


ETUC LE 
MT aCe LE 
eee Le ee BS 
TIME DRE a 
CCL LALA OL 
duit. No obligation 

of course 


Company 
Your Name 


Address 
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or with wire loop terminals. Auxiliary 
actuators can also be provided. 

Overall dimensions are 7% x 42 x 4g 
in., mounting is by two +2 screws 
on % in. centers. Electrical rating is 
5 amp 125/250 volts a-c; 5 amp, 30 
volts d-c, resistive; 24% amp, 30 volts 
d-c, inductive. Unimax Switch, Div. of 
The W. L. Maxson Corp., Ives Rd., 
Wallingford, Conn. 
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MINIATURE 60 CYCLE 
SERVO MOTOR 


Miniature servo motor only 1.062 in 
in diameter is suitable for instrumen- 
tation applications where only 60 cycle 
power is available and rapid response 
is necessary, 

The 4.5 oz, size 11 unit develops a 


stall torque of 1.0 oz-in. and will 


acceleration at stall of 
59.000 radian sec/sec. Moment of in- 
ertia is 1.2 g-cm” and time constant 
is 0.0057 sec. 


achieve an 


If required, the control 
phase of the motor may be wound for 
optimum direct 


transistor drive. The unit is also avail- 


performance with a 


trains of the same di- 
ameter. Ratios may 
lo :2187. 
not exceed 30 min. 


able with geal 
range from 1:10 
Maximum backlash will 
The motor is available either as a 
unit. or as a servo assembly combin- 


ing synchros, 


amplifiers, gear trains 


g 
and accessories. Daystrom Transicoil 
Corp., Worcester, Montgomery County, 
Pa, 
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INSULATED STANDOFF 
TERMINAL OPERATES IN 
1000 C REGION 


In addition to operating at 1000 C 
temperature, the materials used in this 
terminal are capable of withstanding 
high impact, have high resistivity at 
high temperatures, no water absorption 
and high resistance to nuclear radia- 
tion. 

One of the features is the use of high 
strength alumina as the insulator. Be- 
sides withstanding temperatures in ex- 
cess of 1000 C, alumina will withstand 
100,000 psi compression. Non-brittle, 
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IN ELECTROLYTIC CAPACITORS! 


NEW HIGH RELIABILITY 


These new dry electrolytic capacitors are 
especially built for applications that require 
an extremely high level of reliability over long 
periods of time. 

Sangamo Type TR capacitors are designed to 
operate in a temperature range from —20°C 
to +85°C. 


The Type TR is well suited for use in com- 
munication systems; in all types of electronic 
industrial controls, laboratory test instruments, 
computer equipments, and in many other 
similar applications. Type TR capacitors are 


available in ratings from 3 to 450 volts D.C. 


Sangamo Type TR 


TWIST-TAB ELECTROLYTICS 


have a life expectancy of at least 10 
years when operated within their 


APRIL 1958 


ratings These high reliability dry electrolytics are 
designed with safety factors to pass high ripple currents. 


The use of high purity aluminum foil assures lower leakage 
current, and a highly effective end seal gives these capacitors 
unusually long operating life provided they are operated 
within their ratings. 


Engineering Bulletin TSC 119 gives full information. 


SANGAM©O 


Electric Company 


$Cs8-) 


SPRINGFIELD, ILLINOIS 
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LOOKIN’ FOR NUTS? 


In brass 
and | 
aluminum & 
nuts... 
you can’t 
beat 


Pechex for 


precision and price! 


MASS PRODUCTION FACILITIES 
ASSURE PROMPT DELIVERY OF 
STANDARDS OR SPECIALS AT 
COMPETITIVE PRICES 


If you use nuts. . . Fischer can mass 
produce them in brass or aluminum 
to exacting specifications. 


Uniform accuracy of Fischer 
“turned” nuts permits new savings 
in assembly or fabricating operations. 
Produced by unique high-speed ma- 
chinery, Fischer precision nuts cost 
no more than those made by less 
accurate methods. 


Fischer nuts are countersunk on both 
sides, tapped square with face to 
Class 2 tolerances, burrless, cleaned, 
degreased and carefully inspected 
before delivery. 


there’s no premium _ 
for precision 
at 


Peo 


FISCHER SPECIAL MFG. CO. 
421 Morgan St., Cincinnati 6, Ohio 


Please send me your new 20-page 
CATALOG FS-1000 describing 
Fischer precision nuts. 


Nome 
Company 
Street 
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will with- 
stand greater than 0.05 ft-lb impact on 
IZOD type test. 

Characteristics include: resistivity at 
5 C is greater than 10' ohms/cm*; 
at 800 C it is 10° ohms/cm®*; at 900 C 
it is 40 x 10° 
material is impervious; 


the alumina insulator used 


9 
ohms/cm*; water ab- 
sorption radi- 
unaffected by nuclear 
bombardment. Litton 
Div.. 5873 
Angeles 16. Calif. 
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LOW THRESHOLD 
A-C ACCELEROMETER 


\ccelerations on the order of 0.0017 g 


ation—relatively 
Com- 


Industries 


ponents Rodeo Rd.., 


will produce a 10 my output change in 
Model 24614 a- A vail- 
able in a variety of low natural frequen- 


gto 2 20 


accelerometer. 


cies. and in ranges from l 


g, this instrument provides accurate, 


consistently reliable a- output propor- 
tional to linear acceleration parallel to 
its mounting base. 

Wide dynamic range is provided by 
a full scale output of 6 volts and a 
maximum null of 0.015 volts (of which 
at least 90 per cent is harmonic). An 
important feature is that output can be 
fed directly 
pedance with little or no phase shift. 


into a relatively low im- 

Bearings are eliminated by suspend- 
ing the magnetically-damped mass be- 
tween two disc springs. The output of a 
differential transformer is varied in pro- 
portion to movement of the mass. Cross- 
talk effect 


and hvsteresis are below thresholds of 


is minimum, repeatability 


measuring equipment and there is no 

coulomb friction. 
The oil-filled and | 

hermetically sealed to enhance stability 


instrument is 


of output under environmental stress. 


Wha a 


CUSTOM QUALITY 
STOCK SOLENOIDS 


& 


' at 


The line consists of 17 models to 
provide 34 widely differing specifi- 
cations . . . delivery can be made 
within 24 hours of receipt of order 
specifications include: pull 
and/or push capacities up to 45 
Ibs., ... sizes from %”x1” to 
3”x 3”... stroke lengths fractional 
to 2”. 
All solenoids are built to rigid 
standards of highest custom qual- 
ity. Double shading coils provide 
high sealed pull without excessive 
AC hum. Electrical characteris- 
tics are thoroughly uniform. Units 
are compactly engineered to ex- 
tremely close tolerances. Rugged 
construction provides long service- 
life under the most strenuous con- 
ditions. 


All solenoids in the line can be 
supplied in any quantity from 
single units to long-run cost- 
saving production orders. 


Request complete 
information. Ask 
for catalog. 


WT Vea eae Pew a tea) 


3424 N. Milwaukee Avenue, Chicago 41, Illinois 
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THE TORRINGTON 
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FULL COVERAGE 

No matter which way the wind blows with 
you? blower unit require ments — belt-driven, 
direct drive or radial-axial mixed flow- 


To } ington has the solution to your problems. 


This means complete technical data and 
the proved-out performance rating on three 


lines of basic blower unit designs. 


In addition to the standard direct drive units 
and the already famous VariBasic belt 
driven series, latest and most spectacular 
addition is the exclusive Radiax unit, 
combining the optimum performance 
characteristics of both radial and axial 


flow teé ch nique 8. 
The result is FULL COVERAGE —the best 
“problem insurance” you could have. 


Talk to Torrington ! 


MANUFACTURING COMPANY 


TORRINGTON. CONNECTICUT + VAN NUYS, CALIFORNIA * OAKVILLE. ONTARIO 








Designed and constructed to the rigid 
specifications of critical airborne con- 
trol, stabilization and flight test applica- 
tions, it is readily adapted to telemeter- 
ing or recording use. G. M. Giannini & 
Co., Inc., 918 E. Green St., Pasadena 1, 
Calif. 
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POLYESTER FILM-COATED 
MAGNET WIRE 


Polyester film-coated magnet wire 
called Beldtherm shows good resistance 
to heat, aging, solvents and abrasion 
during extensive laboratory tests. At 
130 C, Beldtherm possesses all the de- 
sirable qualities of Formvar at 105 C, 
and actual winding tests under severe 
conditions prove that Beldtherm is 
equal to Formvar in its ability to per- 

form under difficult circumstances. 
In tests made according to AIEE 
#57 test procedures, and using a 
compatible varnish as an impregnant, 
. 39 . i 1 Beldtherm established a thermal life 
uf at S a Ca acitor " of over 30,000 hr at 180 C. However, 
/ / ‘p / eee because the AIEE test measures limit- 
| ing temperatures only and does not 
> | consider other properties such as cut 
. i through value at elevated temperatures, 
C- D mak es it eee Beldtherm has been given a_ safety 

| rating of Class “B.” 

. Beldtherm is manufactured in two 
6) nd ma kes it better J | insulation thicknesses, single o1 heavy, 
: ° and is available in sizes 10 AWG 
through 30 AWG. Belden Manufactur- 
ing Co., 4633 West Van Buren St., 


A Complete Line of Ceramics from a Single Source Chicago 80, III. 


i i : - Circle No. 546, Reader Inquiry Service Cards 
C-D Ceramic Capacitors are produced under one roof, with full on page 


control over all operations, from start to finish. Whatever types of 
ceramic capacitors your designs call for, C-D has them... and C-D HYDRAULIC FLOW 
is your most dependable source. CONTROL VALVE 


DISC TYPES: Temperature compensating, close tolerance, general This multi-range flow control valve for 
purpose bypass, high voltage, A-C line bypass. 2000 psi is unaffected by changes in 

temperature and viscosity and has been 
TUBULAR TYPES: Temperature compensating, close tolerance, designed in three sizes: 14, 34 and 3% in. 
trimmer. Advantages are: the valve is virtually 
free from flow change due to tempera- 
SLUG TYPES: High voltage. ture and viscosity change because of its 
AUTOMATION: Plug-in termination available in temperature com- unusual rete erties Gesign; & be 
designed to meet JIC standards; the 


pensating, stabilized capacity, general purpose bypass, close tolerance . 
; need for an external drain has been 


disc types. eliminated; each valve is provided with 


SPECIAL DESIGN TYPES: Feed-thru, standoff, miniaturized. multiple selected ranges, enabling one 
flow control valve to do the work of 
Engineering samples sent on request. For complete data on C-D 


Ceramics, write for Catalog No. 616 to Cornell-Dubilier Electric 
Corporation, South Plainfield, New Jersey. 


CORNELL-DUBILIER CAPACITORS 


JERSEY NEW BEDFORD a CAMBRIDGE MASS 


VIDENCE @& HOPE VALLEY, R | NDIANAPOLIS NO SANFORD, FUQUAY 
SPRINGS @ VARINA, N.C VENICE, CALIF @ SUBSIDIARY, THE RADIART CORPORA. 
TION, CLEVELAND, OH CORNELL-DUBILIER ELECTRIC INTERNATIONAL N Y 
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DATA SHEET 


j H ‘ L L t j — REMOVE AND FILE FOR REFERENCE 


TYPE 2 MULTI-CONTACT RELAYS 


APPLICATION DATA: The Phillips Type 2 relay and its many variations is particularly suited for 


controlling large numbers of circuits in communications, electronic and industrial control applications. De- 

pendable and versatile, Type 2 is the “work horse” of relays, operating millions of times with high reliability. 

Longevity has been proved by years of successful performance in telephone switching circuits. Type 2 pos- 
} I 7 I I - YI I 


sesses almost limitless variations in contact assemblies and materials, coils,adjustments and mounting arrange- 
ments. Standard parts combined with these variables permit relays “custom-engineered” to a great number of 
applications. 


DESIGN DATA: All parts in the magnetic circuit of 


the Type 2 relay are made of magnetic ingot iron for 
d.c. operation and are made of silicon iron for a.c. opera- 
tion. Controlled atmosphere heat treating after all machin- 
ing operations have been performed insures low residual 
magnetism. The heelpiece or frame of the relay is 
specially processed to hold flatness and rigidity. This 
additional operation prevents any shifting of the pile-up 
which would in turn affect the contact adjustment. 

Contact springs are made of spring temper nickel- 
silver on standard relays. Both single and twin contact 
springs are available. For special applications, other ma- 
terials and configurations are available. Many sizes and 
contact materials may be supplied, each designed for a 
specific application. 

The contact and spring pile-ups are assembled with 
heat-treated insulators to the heelpiece. The spring pile-up 
is held under high pressure while the high tensile as- 
sembly screws are tightened with torque controlled power 
screw drivers. This assembly method insures a rigid and 
unvarying contact adjustment even under conditions of 
wide temperature and humidity variations. 

The Type 2 coils are available with many types of 
windings. Single and double wound coils both with and 
without time delay slugs are available. Coils for a.e. 
operation employ laminated silicon iron cores for maxi- 
mum efficiency. All coils use non-hygroscopic insulation 
to prevent corrosion. Impregnated coils are available to 
meet extreme humidity conditions. 

Mounting of the Type 2 standard relay is by means of 
two tapped holes at the end of the heelpiece. The standard 
mounting holds the relay in a horizontal position with all 

TYPE 2 ENCLOSED RELAY wiring thru the back of the chassis. 

The standard terminals are solder-type but special 

terminals such as taper tab, and plug-in are also available. 
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Remove and file 


or easy tear-out. 
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many; greater sensitivity in the selec- 
tion of flow is provided; reverse free 
flow is obtained through a built-in check 
valve for by-passing the flow control 
elements; surge over-travel has been 
eliminated by use of a special internal 
stop device than can be set to any 
desired value; certain models have a 
built-in relief valve which provides for 
overload. 

The construction of the valve has 
two elements. First, a fluid pressure 
compensator, responsive to both inlet 
and outlet, will create a body of fluid 
upstream of the orifice which main- 
tains a constant pressure differential 
with the pressure in the outlet port. 
The second element is an adjustable 
orifice between the differential pressure 
area and the outlet port. Denison En- 
gineering Div., American Brake Shoe 
Co., Columbus, Ohio. 
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MINIATURE FERRITE 
DUPLEXER 


Model W163-1C-1 ferrite duplexer is 
designed for the most popular frequency 
in the X-Band spectrum. It weighs only 
7 oz, yet offers a frequency range of 
9.2 to 9.4 kme with isolation at 20 db 
min. and insertion loss of 0.5 db max. 


As an added feature, it incorporates 
an unusual coaxial termination to per- 
mit both transmission and _ reception. 
Other features include: vsmr of 1.25 
max.; maximum power absorbed in load 
at 12 watts and peak power at 10 kw. 

Size is 234 in. long x 3.037 in. high 
(including termination) x 234 in. wide. 
Kearfott Co., 14844 Oxnard St., Van 
Nuys, Calif. 
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MAGNETIC FREQUENCY 
DISCRIMINATOR 


Line of magnetic frequency discrim- 
inators has been developed for convert- 
ing frequency deviation into analog 
voltage variation. These converters are 
primarily intended for telemetering 
instrumentation. 

The units produce a filtered 0-5 volts 
d-c output voltage in response to a 
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BALDOR 
PET Vleet ase Tea te 8s 


Advanced aluminum rotor casting process 
prevents air bubbles and shrinkage that 
cause stress and trouble! 


For over a third of a century Baldor has pioneered 
many new ways to build electric motors better 
... for less money. Baldor’s aluminum-cast rotor 
in the new NEMA frames is a good example. 


This careful, precision method of casting produces 
a rugged, stress-free rotor without air bubbles and 
shrinkage cavities that can cause broken bars... 
loss of power... and motor damage! New design 
refinements have also improved torque charac- 
teristics while lowering the noise level. 


Engineering extras like this (without extra cost) 
are your guarantee that you can specify Baldor 
Streamcooled Motors with complete confidence. 


FOR MORE INFORMATION ON THE COMPLETE 
LINE OF BALDOR MOTORS, WRITE... 


ELECTRIC COMPANY 


4353 Duncan Avenue * St. Lovis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S. A. 


District Offices: Atlanta « Chicago « Cleveland « Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn, 
Los Angeles « Milwaukee » Minneapolis « New Orleans « New York e Kansas City, Mo. 
Oakland « Philadelphia e Portland, Ore. « Syracuse. 
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5 Ways Better... 


GREATLY 
ENLARGED 


end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits knotting, 
bending and twist- 
ing to meet extremes 
of temperature 


SILICONE RUBBER Nea cone,” 
2 
Tubing and Sleeving 


Joe 


4 
WON’T CRACK, PEEL « 
7 OR CRAZE 


e@eeeeeeeaeoeeeeeeee ee 


GREATER FLEXIBILITY 


HIGH DIELECTRIC 
3s RETENTION 


eeeeeseeseeseeeeeeeseeee. 


LONG LIFE CUTS 
G REPLACEMENT COSTS 


VIVID COLORS FOR —_—Vs— 
READY IDENTIFICATION ~~ 


THERMAL PROPERTIES: CHEMICAL INERTNESS: 

Heat aging: 1000 hrs. at250°C Has good resistance to all oils, 
without appreciable change in alcohols, dilute acids and alka- 
physical or dielectric properties. _ lis. Fine water resistant qualities. 


FLAMMABILITY: FLEXIBILITY: 


Self-extinguishing, when tested Unaffected throughout life of 
in accordance with ASTM and Tubing. Stays flexible from 
NEMA procedures. (NEMA Ac- minus 90° F. to plus 600° F. 


pe rae FUNGUS RESISTANCE: 
ABRASION RESISTANCE: Inert. No fungus growth was 
Durable and extra tough. With- visible at 40 x magnification 
stands unusual rough handling after 28 days incubation under 
at all time: “ideal” surroundings. 


Twist, bend, wrap or knot it and this tubing remains 
pliable and efficient, even under the most severe 
operating conditions. Send for free samples today. 


VARFLEX SALES CO., INC. 
309 N. Jay St., Rome, N.Y. 


Please send me sample with Bulletin and Prices. 


SALES CO., INC. 


Jusulation }|\ >” 


Title 
SPECIALISTS 
Rome, N. Y. Company____ 
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frequency deviation. One application is 
the measuring of the power frequency 
of aircraft and missile power sources 
and the frequency deviation from their 
normal value. 

Two models are the FD-400 for 400 
cycle power sources and the FD-2000 
for inverters operating at 2000 cps. 
Other units are available for frequen 
cies up to 10 ke. The FD-400 pro- 
duces 0-5 volts d-c output for frequency 
deviation from 360 to 440 eps, while 
the FD-2000 frequency deviation band 
is from 1800 to 2200 cps for the same 
output voltage span. Both units operate 
into a 100 k load. 

Power input requirement is approxi- 
mately 214 watts. Supply voltage can 
vary between 95 and 150 volts. Out- 
put variation is less than 14 per cent 
or less than 25 my for line voltage 
variations from 105 to 125 volts. 

Linearity is better than +0.5 per cent 
for standard models. Output voltage 
variations at constant frequency are 
less than +3 per cent of full scale 
for ambient temperature changes from 

20 to 71 C, slightly higher for oper- 
ating temperatures of 10 to 105 C. 
Models can be provided with less than 
1 per cent error over the specified 
temperature range. Magnetic Research 
Corp., 3160 W. El Segundo Blvd.. 
Hawthorne, Calif. 
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ONE-PIECE TUBE SHIELD 


Improved shield slips down over the 
tube and twist-locks into place on dou- 
ble-headed screws which are used to 
hold any standard under-chassis socket 
in place. Indented areas for the screw 
heads are incorporated in the shield 
base to insure that the shield will not 
become unfastened without a positive 
torque being applied. The base area is 


ELECTRICAL MANUFACTURING 





New Sola Constant Voltage Transformers 
feature less size and weight; greater efficiency 


Sola now has many improved designs in standard and har- 
monic-neutralized static-magnetic voltage regulators. These tion of +1%, with input voltage fluctuations up to +15% 
new designs — 19 in all — offer size reductions up to 60%, Response time is 1.5 cycles or less. There are no moving parts, 
and weight reductions to 55%. Greater efficiency is achieved no manual adjus These are but part of a full selection 
from improvements in core design. As with other Sola static- of 44 stock ratings from 15va to 10kva output capacity. 
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* Offices in principal cities * In Canada, Sola Electric (Canada) Ltd., Canmotor Ave., Toronto 14, Ont. 
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PHOTO COURTESY HUGHES AIRCRAFT COMPANY, 
CULVER CITY, CAL. 


EAGLE SIGNAL 


§ engineers unique timer 
for Hughes airborne 
armament control 


Eagle HYS Series 


Timer with system 


Time Delay Feature 


A new electro-mechanical time delay device has been de- 
veloped by the Eagle Signal Corporation for the Hughes 
Aircraft Company. Hughes uses the Eagle timer in an arma- 
ment control system the company builds for the supersonic 


F-102A all-weather interceptor. 


The Eagle timer is a hermetically sealed unit, actuated by a 
28-volt d-c solenoid. The timer has been built to provide a 
delay in application of power to load circuit at the end of 
a timing interval. A rotary solenoid winds a spring on the 
escapement mechanism, and timing begins when the solenoid 
is energized. The Eagle timer operates under rigorous en- 
vironmental conditions, and is built to withstand extra heavy 


duty applications. 


Development of this special Eagle timer is just one example of 
the electronic and aeronautical engineering “know-how” to be 
found at Eagle Signal. Consult Eagle Signal on your timing 
and counting problems early in your planning. And write for 
Bulletin 820 for more information on the escapement timer. 


Eagle Signal Corporation, Dept. EM-458, Moline, Illinois. 
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flat to give efficient heat transfer to 
the chassis and is no larger than the 
S-9372 shield base. A full-contact insert 
completes the thermal path from the 
tube envelope to the chassis. 

Tests made on simulated units show 
maximum tube envelope temperatures 
of 93 C on a 5687WA tube at rated 
full load as compared to 140 C for the 
S-9372 shield. The shield is of the solid 
or no-window type which gives electro- 
static shielding as well as an uninter- 
rupted thermal path. 

The shields are of 0.014 aluminum 
per QQ-A-359(B)  black-anodized or 
clear with Ebonol C finished beryllium- 
copper full-contact insert. They are 
available in three different heights for 
either 7-pin or 9-pin tubes correspond- 
ing to MIL-S-19786(A). A phosphor- 
bronze spring is incorporated in the 
top to insure the tube’s remaining 
tightly in its socket. Atlas E-E Corp., 47 
Prospect St., Woburn, Mass. 
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LIGHTED PUSH-BUTTON 
SWITCH 


Momentary-action switch combines a 
nameplate, a pilot light and a switching 
unit into a single assembly. This series 
can be stacked or individually mounted 
on control panels or consoles. 

Many possible combinations of lamp 
circuits, switching circuits, lamp colors, 
push-button colors and nameplates per- 
mit a wide range of application for 


FAS 


sequencing, movement-limit, start-and- 
stop, position-indicating and similar 
control operations on missiles, electron- 
ic and industrial equipment and com- 
ponents. 

The pilot light assembly can be 
wired in parallel, 2-circuit common- 
ground, or in series either independent- 
ly or through the switch unit. Two 
lamps (6 or 28 volt) are provided so 
that independent circuits can be indi- 
cated with different lamp colors. The 
DPDT switching unit may be wired 
normally-open or normally-closed. Sol- 
der, turret, double-turret or AMP 
quick-disconnect switch terminals are 
available. 

The basic switch unit has a mechani- 
cal and electrical life of 50,000 opera- 
tions at current ratings of 5 amp at 
125 to 250 volts a-c, 4 amp resistive; 


2.5 amp inductive at 30 volts d-c. Elec- 
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TYPICAL PROPERTIES 
OF STEEL OILITE* 
PRECISION PARTS 


(Grades) ae 


Fatigue sent 
(Psi) 10,000,000 
reversals 

Ultimate Tensile 
Strength (Psi) - .- 

Compressive 
Strength (Psi) .001” 
permanent set .. 


35,000 50,000 120,000 


25,000 80,000 150,000 
Elongation in 1”, 

% minimum .. 10 § 1 
Brinell Hardness .. 140 300 
Shear Strength 
i 35,000 100,000 


* Many other materials giving 
different properties available. 


ILITE Precis 


Engineers in the 
principal cities in 
US and Canada. 


SINCE 1929 


This kit contains intricate parts used by a score 
of companies who save over $1,000,000 annu- 
ally by specifying Oilite*! 


These companies are typical of many manufac- 
turers of appliances, machinery, automotive acces- 
sories, power tools and other products who enjoy 
the substantial cost reductions made possible by 
Amplex Powder Metallurgy. 


You, too, can have a share in these savings. 
Chrysler-engineered Oilite Precision Parts can 
save you up to 55% or more when produced 
in volume. What’s more, you'll find Oilite powder 
metal parts tough and long wearing. They’re 
available in a large variety of metals and alloys 
to meet required properties. 


Your local Oilite Engineer will be glad to provide 
complete information on any application. Further- 
more, he will gladly survey all the parts you now 
buy for possible cost reductions at no obligation. 
Look for him in the Yellow Pages of your tele- 


phone directory under “Bearings — OILITE” 
or write to Dept. E-4. 


the most trusted name in powder metallurgy 


AMPLEX DIVISION 


CHRYSLER CORPORATION, DETROIT 31, 


REGISTERED TRADEMARK © ONLY CHRYSLER MAKES OILITE. 


MICHIGAN 
BEARINGS * PRECISION PARTS © METAL FILTERS © FRICTION UNITS 
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Better Dielectric Quality 
Low Cost 


UNIFORM QUALITY 
FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particles. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 


material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


AN 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
230 Park Avenue 
New York 17, N. Y. 
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tro-Snap Switch & Mfg. Co., 4220 W. 
Lake St., Chicago 24, II. 


Circle No. 551, Reader Inquiry Service Cards 
on page 
DEVICE FOR TERMINATING 
COIL LEADS ON TOROIDS 
TOR-TERM., for AIEE and other stand- 
ard core sizes, is a device for facilitating 
the termination of coil leads on toroids. 


An insulated toroidal terminal fastens 
directly to the 


On 


cy 


CorgA 


toroidal core box 


assembly prior to winding. This simpli- 
fies winding, coil start and finish identi- 
fication, and eliminates leading and 
identification of coil leads. The number 
and configuration of terminals are vari- 
able. 

It also simplifies encapsulation and 
can be adapted to plug-in applications. 
Terminals can also be made integral 
with the core box. Suitable for both 
military and commercial applications. 
Lumen, Inc., P. O. Box 905, Moen Ave., 
Joliet, U1. 
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MAGNETIC CLUTCH 


Model D-103 is a size 11. 1.062 in. diam 
single-ended, magnetically-actuated 
clutch. Clutching torque is conservative- 
ly rated at 16 oz-in. with 3 watts of d-c 
applied to the control coil. Concentric 
input and output shafts (shaft through 
shaft) are located at the synchro mount 


COST REDUCTION 
PROGRAM CALLS 
FOR COLD HEADING 


Hassall Re-Design 
Often Means Big 
Savings on Parts 


The most important consideration 
we can point out to the designer or pur- 
chaser of fasteners and small parts is 
that any part which can be machined 
from rod stock is also potentially avail- 
able from the cold heading manufac- 
turer. This technique offers speed of 
production, without scrap loss, plus 
superior strength and appearance for 
low cost and high design efficiency 

Perhaps our greatest contribution to 
your operation is our re-design service 
An expert cold heading designer can 
very often study your drawings and 
come up with a modified part which 
will be lower in cost, stronger struc 
turally, and easier for you to assemble 

This spacer is typical of such a 
Hassall re-design. Note the customer's 
drawing... this is a stamping, not too 
accurate, with poor bearing surfaces 
and not too easy to handle in assembly. 


BEFORE 


Sj 


Screw Machined 


pre nt ad 


Stamping—wire forming 


AFTER 


Cold Headed 


Now, look at this spacer as re 
designed for cold heading. Now, a 
double collar spacer which is very ac 
curate, structurally much stronger, and 
with much better bearing surfaces. And 
lower in cost! 

Given complete specifications, includ- 
ing a drawing and an idea of the appli- 
cation, we can quickly tell you whether 
or not it will be advantageous to have 
your part or fastener JOB-DESIGNED 
by HASSALL. 

Write today for your copy of our 
new Catalog No. 106. 


John Hassall, Inc. 


P.O. Box 2225 
Westbury, Long Island, N. Y. 
Manufacturers Since 1850 
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Timing Is Important 


Emerson-Electric is ready to help you right now 
with any power-drive problem. In your highly 
competitive business, tomorrow can be too 
late. Skilled specialists who know motors and 
the needs of appliance and equipment 
manufacturers are always ready to go to work 
for you. They'll start with your design ideas— 
follow through to production and tested 
performance. 


It is this on-the-spot service, plus more than 
65 years’ experience meeting motor-drive 
requirements, that have made Emerson-Electric 
motors foremost in appliance applications. 


Call, wire or write Dept. M-111 today. 
The Emerson Electric Mfg. Co., St. Louis 21, Mo. 


Every 
Emerson-Electric 
motor is 
custom-engineered 
to meet your 

exact requirements, 


“th EMERSON-ELECTRIC 


“Core™ 


of St. Louis = Since 1890 
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MANUAL STARTERS 


COMPACT...ECONOMICAL 
COMPLETE LINE 


Type “NF” Manual Starters . . . toggle-operated, without 


WITHOUT 
OVERLOAD 
PROTECTION 


Vere “Or” 


Weight—1 % lbs. 


OVERLOAD 
PROTECTION 


rf 
At 


TYPE “RT” Weight 5 lbs. 


tes y 
a. n 
+ 
7 
3 aoe 
"Se ,= 


end of the unit. Flat-faced couplings 
have minimum angular displacement 
upon engagement. Voltage ratings range 
from 1.5 to 300 volts d-c, with 24 volts 
standard. 

The D-103 is designed to meet rigid 
environmental specifications. High tem- 
perature lubrication and insulation may 
be incorporated to achieve high per- 
formance under Class H temperatures. 
These units have been life tested for 
over a million complete cycles of en- 
gagement and disengagement under full 
torque load, with negligible reduction 
in performance and no visible deterio- 
ration of parts. Dynamic Instrument 
Corp., 59 New York Ave., Westbury, 
Ae es 
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SUBMINIATURE TRIMMER 
POTENTIOMETER 


Model A10-W trimmer potentiometer’s 
new internal design changes make pos- 
sible performance as 100 ppm 
temperature coefficient, dependable con- 
tinuity, reduced end 
zero end shake. 

The resistance element is precision 
wire-wound and available in 40 stand- 
ard values, ranging f.9m 10 ohms to 
100 k ohms. Standard tolerance is +5 


such 


resistance and 


216 


overload protection . . 


. are compact, and completely depend- 


able. Rated to 30 Amp., 2 hp capacity at 600 volts. Available 


in 2, 3 or 4 poles. 


Type “RT” Manual Starters . 


with overload protection . . . 


. . push button operated, 
are small and reliable. Control 


single and polyphase motors up to 7% hp, 600 volts. Avail- 


able in sizes 0 and 1. 


Both “NF” and “RT” types supplied with general pur- 
pose, weatherproof or explosion-proof enclosures. Arrow- 
Hart’s complete line also includes manual starters, without 
overload protection, for reversing and two-speed applications 

and toggle action switches for other manual starter 


applications. 


Write on company letterhead for 12-page catalog section to 
The Arrow-Hart & Hegeman Electric Co., Dept. EM, 103 
Hawthorn Street, Hartford 6, Connecticut. 


y . VV t . 


ARROW - HART OF 


Pr} 


per cent, but 1 per cent tolerance can 
be ordered. The unit is rated at 1 watt 
up to 70 C; derating to 0 at 175 C. 

Mounting on uneven surfaces is ac- 
complished with two mounting pads 
and mounting screws, singly or in 
multiple stacks. Terminals are precious 
metal-plated to prevent corrosion 
and electrolysis. Besides the straight 
terminals pictured, printed circuit ter- 
minals and two wire leads are avail- 
able. Trimmer adjustment is achieved 
with a 25-turn screw. The wiper blade 
has a safety clutch to prevent internal 
damage from over-excursion. Internal 
parts have nearly identical coefficients 
of expansion, allowing practically no 
change in resistance values when sub- 
jected to extremes of temperature af- 
ter adjustment. Dale Products. 
1306 28th Ave., Columbus, Neb. 


Circle No. 554, Reader Inquiry Service Cards 
on page 17 


Inc., 


HARTFORD 


LINEAR ACTUATOR FOR 
PROPORTIONAL POSITION 
CONTROL 


The Lineatrol linear positioner is a high 
precision actuator for nuclear control, 
machine tool control and other position- 
where linear motion 
must be proportional to a control signal. 
It is a gear motor which has a built-in 
potentiometer to produce a remote in- 


ing applications 


dication of position for use in automatic 
control circuits. 

A Dialtrol position setter may be used 
for remote control of the Lineatrol with 
linear position corresponding to dial set- 
ting. With precision multi-turn poten- 
tiometers, positioning accuracies of 
+0.004 in. are provided for a 10 in. 
stroke, with greater accuracies provided 
for shorter strokes. When furnished with 
a suitable linear position 
can be governed by a control signal 


controller, 


ELECTRICAL MANUFACTURING 





originating from any transducer, with 
proportional adjustment available. The 
control signal may originate from a 3 to 
15 psi signal, a 0.5 to 5 ma signal or 
from a variable frequency source. 
Output is through rack and pinion 
with thrust forces up to 1000 lb and 
with a wide variety of stroke lengths 
and stroking rates. Lineatrols may be 
face, bracket, foot or pivot-mounted and 
are available with single-phase, 115 
volt motors, 3-phase 220/440 volt mo- 
tors and for 2-phase control circuits. 
The Lineatrol may be furnished without 
the built-in potentiometer and is avail- 
able with dynamic braking or tachom- 
eter feedback. The Jordan Co., 3235 W. 
Hampton Ave., Milwaukee 9, Wisc. 
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CERAMIC FEED-THROUGH 
CAPACITORS 


Type CFT ceramic feed-thru capacitors 
are particularly useful where compact- 
ness is an essential part of equipment 
design. The units are only *¢ in. long, 
and protrusion from the chassis plane 
is only %4 in. for the larger-diameter 
end, and less than 1% in. for the shank 
end, depending on chassis thickness. 
Diameters of the head and shank ends 
are only tho in. and 0.187 in. 


x 


‘ 


The hip ridge holds insertion of the 
capacitor in the chassis hole to a fixed, 
always-uniform distance. No jigs are 
needed to maintain position for solder- 
ing the capacitor to the chassis. The 
capacitor electrode is hot-solder coated. 
and provides easy solderability to the 
chassis, eliminating use of eyelet fas- 
teners. 

The capacitor feed-thru hole (0.062 
in. min.) 


No. 15 


cupped and solder-coated, assuring firm 


accommodates wires up to 


AWG. The capacitor ends are 


connection and preventing solder spill- 
over. Headed wire terminals, as shown 
in the illustration, are available on 
special order. 

Type CFT capacitors have a d- 
working voltage of 600 volts, and are 
available in capacitance values from 
1.7 uuf to 1000 wuf. Operating tempera- 
ture range is —55 C to +85 C. Cornell- 
Dubilier Electric Corp., So. Plainfield, 


NJ 
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URETHANE PLASTIC FOAM 
TAPE 


TESAMOLL 


backed by a pressure-sensitive, highly 


urethane foam tape is 
tenacious adhesive protected by tissue, 
easily removed for application. It comes 
widths. For 
industrial purposes, it can be produced 
thicker 
specific requirements. 

Tests that the adhesive back- 
will adhere to any kind of dry, 
clean surface, making it widely 


in rolls of 14 and *%g in. 


in wider and units to meet 
show 
ing 
serv- 
iceable for many diverse purposes. 
is highly 


promptly 


Among other properties, it 


resilient, recovering when 


compressed. It has the good insulat- 
ing properties of all urethane foams, 
by reason of the air spaces developed 
in its making. It insulates against both 
heat 


ing 


and cold, and has sound-deaden- 
Furthermore, it is 
resistant to 


properties. 
oils, most chemi- 
cals waterproof. It has the 
added light weight— 
about a third the weight of rubber, 
for which it is substituted. 
Manufacturers of radio and_ elec- 
tronic find fidelity and 
quality of reproduction much improved 
when TESAMOLL is used to mount 
speakers and to mount and shockproof 
delicate 


highly 
and is 
advantage of 


widely 
equipment 
instruments. 


components and 


SMALLEST... BY FAR 


Rugged Size 4 


Magnetic Starters 


Compact, lightweight Arrow-Hart fully de- 
signed Size 4 Magnetic Starter (smallest size 4 
on the market) provides maximum performance 


in minimum space. This is made possible by 
A-H’s advanced ‘‘RA”’ (Right Angle) design. 
Other features add up to dependability . 


TYPE 
“RA” 


perfect guided alignment for positive, uniform 


contacting. . 


. a straight thru wiring that sim- 
plifies circuit design, installation and servicing 
. .. sturdy contacts with silver alloy tips. Sizes 0 


Weight 
56% lbs. 


through 5 Magnetic Starters offer comparable 


advantages. 


Write on company letterhead for 8-page folder on 


Size 4 Starter and other e: 


ineeri 
0 through 5 to The Arrow-Hart & 


data on Sizes 
egeman Elec- 


tric Company, Dept. EM, 103 Hawthorn Street, 


Hartford 6, Connecticut 


ARROW - HART OF HARTFORD 


Motor Controls * Wiring Devices * Appliance Switches * Enclosed Switches 
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Flux ._% }) CORE 


YOU'VE GOT TO 


HAND IT TO PURCHASING! 


KESTER FLux-Core Soper has long been first choice with 
an overwhelming percentage of the nation’s Purchasing 
Agents... over 50 years, in fact. We don’t claim any par- 
ticular selling talent for this remarkable showing. It’s just 
that most P.A.’s are well aware of Kester Solder’s quality 
ingredients and manufacture, and they know that Kester 
is worth the price, since it won’t let them down on the job. 
To Purchasing Agents everywhere, we express our thanks 
for this continuing vote of confidence. (P.S. If you’re not 
now one of the P.A.’s we can count as a “friend,” we cer- 
tainly want to invite you into our club!) 


SEND TODAY for your copy of the 78 page Kester Textbook, 
“Solder ... Its Fundamentals and Usage.” It’s free. 


KESTER SOLDER 


4209 Wrightwood Avenue e Chicago 39, Illinois 
Newark 5S, New Jersey e Brantford, Canada 
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Television sets are being protected 
against dust particles attracted by 
the high electrostatic charge of the 
TV tube. In electrical equipment of 
many types, TESAMOLL is used as 
sealing gasket in assembling various 
components. United Mineral & 
Chemical Corp., 16 Hudson St., New 


York, N. Y. 
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RELAY HAS INCREASED 
SHOCK AND VIBRATION 
RESISTANCE 


Relay CH-12D is designed to meet the 
increased environmental conditions en- 
countered in the missile field. Design 
features include a new balanced arma 
ture and contact section affording high- 
er resistance to shock and vibration. 


Specifications are: contact rating 
10 amp resistive, 8 amp inductive, at 
29 volts d-c or 115 volts a-c, 400 cps; 
vibration—5 to 55 cps at 0.5 in. double 
amplitude, 55 to 2000 cps at 30 g: 
shock—100 g; temperature range 

65 C to +125 C; weight—5.3 oz: 
dielectric—1500 volts rms at sea level; 
contact resistance—0.10 ohm max ini- 
tial; contact arrangement—4PDT. Al- 
lied Control Co., Inc., 2 East End Ave.., 
New York 21, N. 5 
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TRANSPARENT VINYL 
TUBING 


Color-coded wiring and printed num- 
bers are easily read through “crystal 
clear” vinyl tubing which has been used 
extensively in aircraft electrical harnes- 
sing and other applications requiring a 
clear, low-temperature tubing. 

Called “Irvington” brand No. 3022, 
the tubing is described as “clear” with 
none of the off-shade amber or green 
coloration formerly associated with 
clear vinyl formulations. It is available 
in tubing size ranges I, II and III and 
has a low temperature ASTM brittle 
point of 100 F with a maximum op- 
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Introducing Allied’s 


. 1000 


New Clear Protective Coating for 


All Metals ...as safe and easy to 
handle as Water! 


New method of protection incorporates corrosion inhibitors in a water- 
soluble polymer base. Dries to an extremely thin, tough, durable coating— 
clear in color. Does not chemically affect base metal or any post-treatments. 
Used as a protective treatment alone or to enhance value of post-treatments. 


Allied’s new Irilac #1000 is a concen- 
trated solution of a water-soluble 
polymer with built-in complex corro- 
sion inhibiting materials. It was de- 
veloped to answer the needs of the 
metalworking industry for a _ non- 
conversion process that will provide 
corrosion resistance and resistance to 
fingerprinting and abrasion on base 
metals and electrochemically or chemi- 
cally finished surfaces—without chang- 
ing the appearance of the metallic 
surface. 


There are no hazards involved—Irilac 
is non-fuming, non-toxic, and requires 
no special fire prevention measures. 


THE PROCESS 


Irilac #1000 is diluted with water to 
provide a simple one-pass working solu- 
tion. It is then applied by dip, brush or 
spray and forms a coating that quiekly 
bonds to the metal surface without re- 
acting with the surface. 


THE PROPERTIES 


The resulting coating is clear, trans- 
parent, thin yet durable. It has excel- 
lent water-resistant properties, and can 
be rubbed, handled and subjected to 
rough treatment. The surface to which 
Irilac has been applied is not altered— 
in fact, the transparent coating brings 
full tone to colored surfaces and clarity 
to iridescent surfaces. The water-thin 
physical characteristic of the solution 
means that the coating provides pro- 


tection in recessed areas that are 
difficult, if not impossible, to protect 
with other methods. 


STEEL PANELS: bare (left) and coated with 
Irilac (right) after 8-hour salt spray. 


ALUMINUM PANELS: bore (left) and coated 
with Irilac (right) after 168-hour salt spray. 


WHERE IRILAC CAN 
BE USED 


Irilac #1000 can be applied to any 
metal—-wet or dry—treated or un- 
treated. All metals can be processed in 
one operation in the same solution. It 
can be applied in conjunction with any 
process—over Iridite, anodized, phos- 
phated surfaces, black oxide, etc. Sur- 
faces treated with Irilac provide a good 
base for paint. 


APPLICATION 
ADVANTAGES 


No other process or material available 
for the protection of metals offers all 
the application advantages found in 
new Irilac #1000: 


1 It can be applied to any clean metal simply 
by dip, brush or spray. No special equip- 
ment is required. 


Saves time—just apply and dry—no re- 
action time required. 


No hazards involved—no exhaust or 
special fire protection equipment is re- 
quired. Irilac is non-fuming and non-toxic. 


4 Saves space. Presents no disposal problem. 
Low in first and final costs. 


Because of its versatility and complete 
safety, Irilac has unlimited uses. For 
example, it will protect aluminum 
furniture, brass hardware and fixtures, 
steel parts of all types, zinc castings, 
etc. In fact, any base metal or plated 
surface, or those treated with electro- 
lytic or chemical post-treatments, can 
be improved or enhanced with Irilac. 


IRILAC +1000 MAY BE 
THE ANSWER TO YOUR 
PROTECTION PROBLEM 


Our development staff will be glad to work 
with you to determine the significant bene- 
fits Irilac can offer you. Simply send us some 
parts and let us show you what Irilac can 
do. No obligation, of course. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE”, IRILAC'”, ARP® Brighteners and Plating Chemicals 
West Coast Licensee: L. H. Butcher Co. 
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erating temperature of 185 F. It can be 
used at higher temperatures for short 
periods of time. 

It has a dielectric strength of 300 
volts per mil, a tensile strength of 2000 
psi, an elongation of 300 per cent and a 
moisture absorption of 0.5 per cent. Its 
resistance to ultra-violet rays is good 
and no corrosion results from contact 
with copper or aluminum. It is self- 
extinguishing in less than 15 sec as re- 
quired for aircraft use and is available 
in standard coil lengths in sizes ranging 
from No. 24 through 3-in. ID. Irvington 
Div.. Minnesota Mining and Manufac- 
turing Co., 6 Argyle Terrace, Irvington 


By eee as 
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VERSATILE MODULAR PLUG 
AND RECEPTACLE 


These modular units are designed to 
provide flexibility at low cost for multi- 
ple circuit connections for 3 to 30 cir- 
cuit combinations. They are precisely 
made to mate with each other to “cus- 


tomize” circuit combinations for specific 
application requirements. Each module 
provides connections for 3 circuits with 
positive polarization. Additional polari- 
zation is possible by intermixing male 


and female terminals into plugs and re- 
ceptacles: or, in the case of multiple 
combinations, using intermixed plugs 


with receptacles. 
uct 0 Z The round-pin-type terminals auto- 


matically crimped to wires eliminat: 
soldering. They snap-lock into modules 


' - for rapid assembly and are removed 
& ress with a simple ejector tool. 
© 


Plug and receptacle units can be as- 


@ Packed with helpful valuable data on j 
the complete line of Comar 
relays, solenoids, coils and switches. 

Send for your free copy now! 


eo 


Se OQINGT ciectric company 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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AMERICAN CYANAMID COMPANY 
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PLASTICS AND RESINS DIVISION EL ¥ANAM ID” Oo 


33-D Rockefeller Plaza, New York 20, N. Y. 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


Offices in: Boston * Charlotte « Chicago + Cincinnati » Cleveland * Dallas 
Detroit * Los Angeles * New York « Philadelphia + St. Lovis * Seattle 
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P&B PROGRESS 


NEW MAGNETIC LATCHING RELAY 


NEW RELAY 
SWITCHES 30 AMPS 


Withstands 100g Shock* and 30g Vibration, 55 to 2000 cps. 


KG11DG is an extra heavy duty DPDT magnetic latching relay. Its silver cadmium oxide 
contacts will carry 30 amperes, and the whole structure will withstand 100g shock*. Vibration 
resistance is 30g, 55 to 2000 cps. A permanent magnet is employed to (1) lock the armature 
into position, (2) accelerate armature transfer, and (3) greatly increase shock and vibration 
resistance. e KG23D is a 6PDT version of this relay with the contacts rated at 3 and 5 am- 
peres. It has the same shock and vibration resistance and operates with exceptional reliabil- 
ity over a range of contact loads from dry circuits to 5 amperes, 28 volts AC, resistive. 


*Contact openings of less than 80 microseconds. 


POTTER & BRUMFIELD, INC., PRINCETON, INDIANA/SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 


Over 40 P&B Basic Relays ee: Lise s = 
More than 20,000 Variations . 1 eo 
: : = 
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KG11DG RELAY KG23D RELAY 


30 AMPS GENERAL 3&5 AMPS 
Teflon, Glass & Ceramic. —Insulation— Teflon, Glass & Ceramic. 
1000 megohms min. —Insulation Resistance— 1000 megohms min. 
1000 volts rms. —Breakdown Voltage— 1000 volts rms. 
100g with less than 80 micro- —Shock— 100g with 'ess than 80 micro- 
seconds opening. seconds opening. 
30g from 55 to 2000 cps; .195” —Vibration— 30g from 55 to 2000 cps; 
max. excursion from 10 to 55 cps. .195” max. excursion 
from 10 to 55 cps. 
—65°C. to +125°C. —Ambient Temperature— —65°C. to +125°C. 
13 ozs. —Weight— 13 ozs. 
12 ms. with 225 ohm coil —Pull-in-Speed— 12 ms. with 225 ohm coil 


@24V DC. @24v DC. 
Two 5-pin multiple solder headers. — Terminals — Two multiple solder headers with 


Contacts: Heavy-duty pierced hook ends for } #20 AWG wires. 


solder terminals. Coils: Hook end 
for 3 #20 AWG wires. 


Hermetically sealed only. —Enclosures— Hermetically sealed only 


CONTACTS 
2 Form Z. — Arrangements — 2, 4, and 6 Form C. 
(DPDT Double make—double break) 
30 amps @28V DC resistive. —lLoad— Dry circuits. 
5 amps @28V DC resistive. 
3 amps @115V AC resistive. 
Silver cadmium oxide. — Material — Palladium (Gold-flashed for dry 


circuits). 
coi 


2.6 watts approx. at nominal voltage. —Power— 2.6 watts approx. at nominal voltage. 


Either coil may be left energized —Duty— Either coil may be left energized 
without damage. without damage. 
Teflon tape and Ceramic. —Insulation— Teflon tape and Ceramic. 


Four ¥% inch #8-32 studs on — Mounting— Four % inch #8-32 studs on 
3% x % inch centers. 3% x % inch centers. 


Voltage: 6VDC 12VDC 24VDC 48VDC 110VDC 
Resistance: ohms 55 ohms | 225 ohms 835 ohms] 5500 ohms 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 
ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


Potter & Buuntield, ine. 


PRINCETON, INDIANA 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 


Potter & Brumfield, Inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 
Special Projects Engineer 
Please send me complete data on the new KG Series relays, 
plus the new compact catalog of P&B standard relays. 


Name 
CO tiara apt. Ne. 


etl nso 


ci pian iia State 
See our catalog in Sweet’s Product Design File 
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sembled interchangeably into multiples, 
or one large receptacle can receive 
many individual plugs. Units are 
mounted into panel hole by clip-type 
spring or by bracket mounting 

Suitable fer appliance, electronic, 
vending and other applications, they are 
114 in. wide, 2 in. thick. Plug: %¢e in. 
high; receptacle: 1442 in. high. Molex 
Products Co., 9515 Southview Ave., 
Brookfield, Ill. 
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MINIATURE GEAR HEADS 


Miniature precision gear heads are 
suited for use in missile servos, com- 
puters, indicating devices and control 
systems. This gear head is adaptable 
to standard Mark 7 motors. It is 1.437 
in. in diameter and 1.093 in. long. A 
multiplicity of ratios from 15:1 to 
4300:1 is obtainable, and the unit is 


capable of handling loads up to 50 
oz-in. and momentary loads to 100 
oz-in. 

Special design makes mounting to 
a motor a_ simple procedure. An 
adapter ring supplied with the unit 
is mounted on the motor and the gear 
head is mounted to the ring. Gears 
are enclosed, avoiding any possibility 
of dirt or damage during mounting. 
No special tools are required. 

All gears are produced to AGMA 
236.02 precision 2 standards, and bear- 
ings are ABEC Class 5. Backlash is 
held to 30 min, with a 5 oz-in. re- 
versing load. Axial play is limited to 
0.003 in. with a load of one pound 
applied to the output shaft. Radial 
play is not greater than 0.002 in. per 
inch of length when a 4 oz-in. load 
is applied. Daco Instrument Co., Till- 
ary and Prince Sts., Brooklyn 1, N. Y. 


Circle No. 561, Reader Inquiry Service Cards 
on page 17 


DIGITAL CONVERTER 


Containing no relays, no tubes, no tran- 
sistors, no moving parts nor any circuit 
connections to digital readout systems, 
the Digiverter Model 1520 translates a 
vertical decimal display directly to an 
in-line display. The unit is easily at- 
tached to the front of a decade counter 
unit and then secured by two metal 
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Data for 
designers 


Atlac Thermaflow 500 


Impact strength (1zod, notch) 10-16 ft. 1b. /in. 
Flexural strength . 18,000—23,000 psi. 


Compressive strength . . . . . 21,000 psi. 
Tensile strength . . . 5,000—9,000 psi. 
Mod. of elasticity. . . . . . 1.9.x 108 psi. 
Heat distortion, 264 psi.. . . . over 500° F 


For data on all Atlac Thermaflow mate- 
rials, write for a copy of our new catalog. 


molded reinforced 


polyester adds 


electro-mechanical 
strength, high 
insulation value 


The new line of Westinghouse current transformers for 
indoor metering or relaying applications is smaller and 
approximately 20% lighter than ever before—yet has a 
rating factor of 1.5 overload, continuous operation. 

Five molded reinforced polyester pieces by the Carl Zehr 
Company, Ashtabula, Ohio, contribute to the electrical and 
mechanical strength, light weight, compactness and 
modern appearance of this new Westinghouse line. 


The case, terminal block and end caps are molded of Atlac 
Thermaflow 2400. Strong and light, this assembly has 
eliminated welding and strapping operations, thus facilitat- 
ing assembly, and completely protects the coils from 
mechanical damage. 

The “V” shaped block which acts as a spacer and fasten- 
ing block for the primary terminals is of Atlac Thermaflow 
500, a high-strength electrical grade material. Westing- 
house insists on—and gets—full mechanical strength after 
exposure to 240°C. for one hour. 

A variety of glass and nylon rag reinforced Atlac Therma- 


flow compounds are available to suit your specific material 
needs. Write for the new catalog. 


ATLAS POWDER COMPANY 
Chemicals Division 
Wilmington 99, Delaware 
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Molon 


fractional horsepower 


7 Aad 2 bands. It is powered from a 115-120 
U ULs v ‘ volt, 50-60 cycle power line and draws 
. approximately 0.6 watts per decade. 
PI lv 0.6 I | 1 


Skeleton Types * Gear Types SS a- These Digiverters have been de- 


veloped for all vertical decade counters 
and are available with either integral 
or remote in-line NIXIE readout. 
Where frequent adjustment of the 
counter unit is not required, the use of 
the remote readout model (illustrated) 
allows the counter unit and the attached 
digitizer reader head to be located at a 


remote point. Valuable laboratory space 
We specialize in custom is gained by the small size of the read- 
manufacturing all kinds out enclosure. The bracket for this en- 


‘ CUSTOM of fhp motors. Whether closure may be placed on a_ bench 
MANUFACTURED 


you need skeleton types surface or may be reversed for mounting 
om se. ler a shelf in fro f the oper: 
or gearmotors, standard under a sh in tront of the operator. 


i 
, : S14 3G er el or special, Molon can Radio Frequency Laboratories, Inc., 
Powerville Rd., Boonton, N. J. 


if , ; supply them fast and at 
: i) a | Send ¢ f Circle No. 562, Reader Inquiry Service Cards 
M vee ow cost. Sen or tree on page 17 
descriptive circulars. 
MOTOR AND GEAR UNIT 

c The 1-23 is designed as a precision, 

Motor and Coil Corp universal-type brush motor with nor- 

‘ malized zinc or aluminum castings to 


2432 WEST GEORGE STREET . CHICAGO 18, ILLINOIS insure accurate fits for dependable per- 


ut Circle 217 on page 17 ; formance over wide temperature 


ranges. The motor can be foot-mounted. 
face-mounted or flange-mounted and is 


ot HIGHEST ELECTRICAL [RSiWeiiegerene 


reduction) gear units. 


Series-type horsepower ratings for 

PA ae ICAL | continuous duty are %4o to % hp at 
RC OS | full load speeds of 3000 to 15,000 
rpm and a range of 24 to 250 volts 

60/d-c: performance for intermittent 

duty is ‘40 to 42 hp at speeds of 3000 

to 15,000 rpm (dependent upon duty) 

with a range of 6 to 250 volts 60/d-c. 

Shunt-type motors at speeds of 1000 

rpm to 7500 rpm and a voltage range 

of 6 to 250 volts d-c are available. 

Horsepower ratings for shunt-wound 

motors are up to 40 hp for intermit- 


1 


tent duty and % hp for continuous 


duty. 
eet The A-26 ‘ingle reduction gear unit 
clamp in top. has been designed to telescopically fit 


$-2406-SB 
Socket with shallow 
bracket for flush 

mounting. 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 
T " 
7 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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yours free, if you can use it 


If vou are one of the relatively few, highly skilled engi- 
neers in America today whose job requires a knowledge 
of the mysterious, highly specialized alloys used in mag- 
netic, electronic and electrical applications, you'll want 
this new 64-page booklet. 


In it are the two kinds of vital information about these 
alloys electronic designers need most today—what they 
will do and where you can get them, fast. 


‘The technical data and case histories for this booklet 
were compiled by the metallurgical staff of The Car- 
penter Steel Company. ‘They're giving you, free, the 
benefits of their own wide experience in producing the 


—— Larpenter:§ bed 


largest selection of these highly specialized alloys ever 
available from any one steelmaker. 

In fact, there isn’t a single Carpenter alloy mentioned 
in this booklet that you can't get in quantity nght now. 
These same skilled, experienced men are also available 
for work on special problems with alloys for electronic, 


magnetic and electrical applications. 


Get your free copy of this booklet—and get in touch 
with the men who wrote it—by sending your request 
today on your company letterhead. 


a 


See Alloys for electronic, magnetic and electrical applications 


APRIE 1958 


The Carpenter Steel Company 115 W. Bern St., Reading, Pa. 
Export Dept.: 


The Carpenter Steel Co., Port W ashington, N. Y.—‘‘carsTEELCO” 
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KLEIN PLIERS 


make wiring faster 
...e@asier 


307-52 


207-5C 


* 208-6C 


Many Klein Pliers are 
NT -Ti) 1 Medi Mea iy tell Mle 


keep jaws in open position. 
ey Teta MEM De time 
ee 


Pama eM ha eee dt) ee ee 


There's a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 


"PAT. APPLIED FOR 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving 
than 100 years. 


industry for more 


Yours for the asking— 


free copy of the new 


Klein Pocket Tool Guide. 


ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


rates 4S) & Sons 


Te RED 


THe me LLB) 
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| Howard Industries, Inc., 


the 1-23 motor and 2900 model frames. 
Highly efficient worm’ gearing has 
been employed for maximum power at 


low speeds, with and 


smooth 
characteristics. 


Torques up to 50 


quiet 
operating 
in.-lb are ayail- 
and bakelite gears in 
from 10:1 to 60:1. 
Mounting provisions have been incor- 
porated on the gear unit itself to 
provide for a more positive alignment. 


1760 State St., 


able in bronze 


ratios ranging 


Wise. 


Circle No. 563, Reader Inquiry Service Cards 
on page 17 


Racine, 


HIGH-SPEED, HIGH-SLIP 
400 CYCLE MOTOR 


High-speed, high-slip, 3-phase 400 cycle 
motor automatically changes speed with 
varying altitudes and densities to pro- 
vide constant cooling efficiency over the 
entire height range from sea level (high 
density) to 70,000 ft. (low density). 


The E2123-200 motor, 
junction 


used in con- 
with a 4 in. 
delivers 145 cfm at 0 in. 
level and changes 
deliver 440 cfm at 0 in. 
at 70,000 ft. 

The motor is rated at a minimum life 
of 1000 hr at 125 C ambient, and its 
life expectancy increases with lower 
ambients. It meets the requirements of 
MIL-M-7969, MIL-E5272A, Air Force 
specifications 332590 and MIL-P- 
7212B. Air-Marine Motors, Inc., Amity- 
N. ¥. 

Circle No. 564, Reader Inquiry Service Cards 
on page 17 


diam impeller, 
pressure 
speed to 


static 
at sea 


static pressure 


ville, 


RATE SWITCH HAS 
EXTERNAL ADJUSTMENT 


This rate switch, which is externally 
adjustable for rate, can be supplied 
in ranges from 1 to 10 deg per sec, 
5 to 50 deg per sec and 10 to 500 
deg per sec. 

The switch, a specialized type of 
gyro that switch when a 
predetermined rate of turn is reached, 
is used in aircraft and missile control 


With the 


operates a 


systems. development of an 
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take another look 
at profit insurance 
from phenolics! 


Quaker Industries’ new three-quart electric sauce pan meets big 
competition in the appliance field . . . and here’s how: Handles, legs 
and knobs are smooth to the touch and appealing to the eye for im- 
pulse sales. Product quality requires phenolic parts that won't warp. 
that resist heat. oil, grease, and soapy water, and have strength to in- 
sure long service. 

Kurz-Kasch designed tools and dies for long-run production econ- 
omy. Custom molded parts are delivered on a schedule and at a price 
which helps insure profits for Quaker Industries. 

Whatever your plastics needs: appearance, strength, corrosion re- 
sistance, electrical or thermal insulation, call your nearest Kurz-Kasch 
representative for pertinent case histories of profit making applications. 


Specialists in thermo-setting plastics for 42 years 


kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


SALES OFFICES—New York, Mt. Vernon, Mo 4-4866; Rochester, Ludiow 6-0082; Beverly, Mass., Walker 
2-0065; Chicago, Gladstone 6-8837; Detroit, Trinity 3-0620; Atlanta, Cedar 7-5516; Philadelphia, Hilltop 
6-6472; Minneapolis, West 9-7891; Pasadena, Ryan 1-6774; St. Louis, Parkview 5-9577; Toronto, Oliver 7986 
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adjustable rate switch, it is possible 
to stock rate switches and set them 
for the desired rate as experimental 
projects require them. 

Model No. RSO3-0101-1 has a rate 
range from 10 to 200 deg per sec. 
Its natural frequency is greater than 
30 cps and it operates on 400 cycle, 
115. volt, 


contacts 


single-phase power. Gyro 
operate relays powered by 
built-in rectifiers. Output relays are 
SPDT and contact rating is 2.5 amp 
Accuracy is within 10 deg per sec of 
selected rate or may be adjusted 
within approximately 1 per cent if 
calibrated on rate table for each ad- 
justment. 

Specifications are: temperature 

65 to +-165 F; acceleration—40 g 
shock—40 g for 5 millisee: and vi 
bration—+10 g to 500 cps. Weight is 
approximately 16 oz. Service life is 
500 hr. Humphrey, Inc.. 2805 Canon 
St.. San Diego 6, Calif. 
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NON-MAGNETIC MATERIAL 
ACTUATES PROXIMITY COIL 


The unit is a proximity coil with an 
entirely non-metallic housing consisting 
of a nylon liner, bakelite bobbin and 
bakelite shell. Leads enter the housing 
through a connector. Zine and lead 
parts passing through the coil actuate 
the control relay by producing a phase 
shift. 


Winding consists of two aiding pri 
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Genuine ALLENs for your 


king-size holding jobs now 


available from stock! 


1%” and 12” sizes are standard 


These applications show you the great variety of holding jobs for 
which designers and engineers are specifying these rugged king-size 
Allen Hex-Socket Cap Screws. They’re genuine Allens, from their 
heads to their Leader Points. Pressur-formd, to preserve the long 
fibers uncut throughout their lengths. Highly accurate threads. 
Leader Points, of course—for fast, true starting. 144” and 12” 
diameters available immediately from stock—larger diameters are 


available on special order. 


PHOTO: THE OILGEAR CO. 


King-size Allen Hex-Socket Cap 
Screws are used to secure the 
flanges in this big 12-inch 3000 
psi Oilgear Surge Valve. 


PHOTO: GOODMAN MFG. CO. 


King-size Allens secure cutter 
arms, tilting arms, and elevating 
cylinders in this massive Good- 
man Continuous Mining Machine. 


PHOTO: SODERHAMN MACHINE MFG. CO. 


King-size Allen Cap Screws se- 
curely clamp the knives of this 
large and unusual machine that 
debarks whole trees. 


PHOTO: JOHN ROYLE & SONS 


King-size Allens in the side-de- 
livery Extruding Head of this 
Royle machine for application of 
rubber or plastic in solution. 


The cost of Allen Hex-Socket Cap Screws is only a minor fraction of your assembly costs 
--. be sure you’re getting the timesaving, cost saving advantages of genuine Allens! 


Pe ag aa ELAM OS 


FEE MLE VRRP 


ALLEN GRIP HEAD CAP SCREWS— 
known throughout industry as fastest, 
easiest starting, firmest holding. Stand- 
ard sizes from No. 0 to 14” diameters. 


LEAT LL REST ES 


ALLEN BUTTON HEAD CAP SCREWS— 
for streamlined, snag-free, unbroken 
surfaces where countersinking is im- 
practical. Standard sizes from No. 4 
through %” diameters. 


SEA RE 


PALLET TER 


ALLEN FLAT HEAD CAP SCREWS— 
for streamlined, flush-fastening of thin 
plates, moldings, etc. Standard sizes 
from No. 4 through %” diameters. 


SAAB P EO ia CMR GOS: 


ALLEN STAINLESS STEEL CAP 
SCREWS—for applications where bright : 
finish, or rust and corrosion resistance 2 
is essential. Standard sizes from No. 0 % 
to %” diameters. 


FREE! .. . this new 
“vest-pocket” size 
Allen Hex-Socket 
Screw HAND- 
BOOK......Fiz 
pages of up-to- 
date technical 
information ... 
Send for your 
free copy 
today. 


ALLE 


Stocked and sold by leading industrial distributors everywhere 
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MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 


ALLEN 


MEX-SOCKET SCREWS 


HEAR 





Minimizing suir-rine 
contact R-F Noise Levels 


2 


Wherever « ontacts slide or operate against rotating surfaces, 
there is a good chance that specially developed Stackpole 
silver-graphite grades will assure good performance with a 
marked reduction in r-f interference levels. 


They have, for instance, been used with outstanding success 
on applications ranging from radar antenna operating units 
to calculating machines; from aircraft prop-pitch rotators 
and de-icers to midget motors; for temperature measurements 
and on rotating equipment, and in many other uses. 


They have assured more stable contact resistance and in- 
creased contact life. Equally important, Stackpole’s unique 
high-temperature process for brazing these little contacts to 
their support arms has greatly simplified assembly operations 
Overall costs have been reduced accordingly. Shielding and 
fillers have proved unnecessary in many cases 


The usual method is to operate a silver-graphite contact 
against a coin-silver slip ring. In some cases, silver-graphite 
or copper-graphite operating against copper give satisfactory 
results. It all depends on the application— and that’s where 
Stackpole’s years of specialized experience in custom engi- 
neering contact material combinations from metal powders 
pays worth while dividends to contact users. 


Details of your slip-ring contact (or brush) application will 
bring prompt recommendation based on a careful study of 
the equipment requirements and operating conditions. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


ONTACTS 


maries and two bucking secondaries. 
Sensitivity is controlled by adjusting a 
screw which distorts the field of one 
primary and one secondary winding to 
unbalance the system. The non-magnetic 
material passing through the coil bal- 
ances the system and actuates the relay. 
Automatic Timing & Controls, Inc., 
King of Prussia, Pa. 
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PHOTO RECORDING PAPER 


Photo recording paper is capable of 
providing an instantaneous visible rec- 
ord of instrumentation test data. Kodak 
Linagraph Direct Print Paper may be 
used in conjunction with several new, 
special-type moving mirror galvanome- 
ter oscillographs. 

The paper should find wide appli- 
cation for immediate read-out of test 
results in the missile and aircraft 
field, nuclear, and many other control, 
production and computing operations. 

The one paper will supply data on 
in-flight missiles, for example. as 
quickly as 10 sec after phenomena 
under observation take place. At low 
recording and writing speeds, a leg 
ible record is visible immediately. At 
higher recording speeds, the trace be- 
comes visible within 10 sec after post 
exposure to fluorescent light. 

When multiple work prints of the 
original records are desired, interme- 
diates may be made on Kodagraph 
autopositive materials for use in direct 
process reproduction. Pen or pencil 
notations may be made on the paper’s 
surface as desired. Eastman Kodak Co., 
343 State St., Rochester 4, N. Y. 
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PRESSURE TRANSDUCER HAS 
VIBRATION ERROR AT 
2000 CPS, 35 G 


Absolute pressure transducer desig- 
nated Model 717 has no noise and low 
error in dynamic environments of 2000 
cps and 35 g. The unit has a resolution 
of 0.17 per cent and static error band 
of 0.8 per cent, including linearity, hys- 
teresis and repeatability. 

The unit is part of a line of high pres- 
sure transducers being developed for 


Hundreds of grodes in SILVER-GRAPHITE © SILVER-LEAD-OXIDE © SILVER-NICKEL 
SILVER-MOLYBDENUM © SILVER-TUNGSTEN © COPPER-GRAPHITE e¢ GOLD- 
GRAPHITE © SILVER-COPPER-GRAPHITE © SILVER-IRON OXIDE... and other | 
special combinations mixed to exacting specifications and processed from powders. | 
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BE AWARE— 
BE ALERT— 
BE ALIVE— 





to the 
GEAR MOTORS « SPEED REDUCERS 


BIG in 90! 


BIG THINGS ARE HAPPENING AT JANETTE IN 58! 


Be aware of JANETTE’S improved manufacturing 
techniques. Be alert to JANETTE’S better than ever 
delivery dates. Be alive to the big switch to 
JANETTE in ‘58. 





Design engineers are changing to the Big J be- 
cause today’s JANETTE Gear Motors and Speed 
Reducers are creating real economies in their prod- 
ucts. Production engineers, modernizing for auto- 
mation, are specifying JANETTE equipment to 
assure perfect power control and extra long life. 
Change to the Big J and profit! 





You are invited to visit the JANETTE Display at the 
Design Engineering Show at the International 
Amphitheater, Chicago, Illinois, April 14-17, 
Booth +871, and see our new ADJUSTABLE 
TORQUE CUTOUT— VARIABLE SPEED CONTROL 
and VALVE DRIVE OPERATOR. 


S snip rt! 
@ kD 


Representatives and Distributors in all Principal Cities. 






For complete information on these 
JANETTE products, write for Bulletin 


anette ELECTRIC MFG. CO. 


MORTON GROVE, ILLINOTIS 
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THERE AR 


—E GOOD REASONS 


wuy FURNAS MAGNETIC 


5 GIVE YOU 


CONTACT BLOCK 
Of Plaskon Alkyd... 


deep arc chambers . . . pressure con- 


non-tracking ... 


nectors over 5 hp... . extra switchlet 


interlock can be added to either side. 


THERMAL OVERLOAD RELAY 


Melting alloy principle assures repeat 


performance simplified design— 


only two moving parts . . . non-adjust- 
able trip assures tamper-proof opera- 
tion . . . 100% factory inspected for 


trip-out and heater coil resistance. 


For full information write for Catalog 5800, 


MAGNETIC STARTERS 

Furnas Electric offers the right 
control for every job. Expertly de- 
signed and made of the best ma- 
terials, Furnas starters assure you 
long, trouble-free operation. Only 
Furnas provides a choice of 10 
Starters, instead of the usual 5. 
through Size 4, 


CROSS ARM ASSEMBLY 
Molded of reinforced high impact 
material for long life . . . stainless 
steel contact springs resist corrosion 
special alloy contact backing 
and contact guide posts provide su- 
perior bearing surfaces . . . special 
weld resistant Silver-Cadmium ox- 
ide D54X contacts for long depend- 
able life. 


MAGNET ASSEMBLY 


Dual voltage coil, 110-220 or 220- 
440 volts . single moving part 

. coil resists moisture, fungus, 
combustion, age, thermal and me- 
chanical stress . . . 100% noise 
tested . . . efficient low wattage 
design. 


A46 


1024 McKee Street, Batavia, Illinois. 


FURNAS ELECTRIC COMPANY 


BATAVIA, 


ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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missile and aircraft applications. Model 
717 is designed as a general-purpose 
unit for ballistic missile telemetering 
and control. 

Simple design incorporating a new- 
type Bourdon tube eliminates any link- 
age system and there is only one moving 
part in the assembly. This reduces fric- 
tion to a value less than resolution. The 
unit is available in 6 standard ranges 
from 0-400 psi to 0-4000 psi. It is 2 in. 
diam x 1.5 in. long and can be supplied 
in 3 alternate mounting configurations. 
Bourns Laboratories, Inc., P. O. Box 
2112. Riverside, Calif. 
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MINIATURE TIME DELAY 
RELAY 


Miniature time delay relay uses a new 
escapement designed for reliable op- 
eration under temperature, shock and 
vibration requirements of aircraft and 
missiles. 

Timing accuracy is not affected by 
voltage variation. Repeatability will be 


within 10 per cent under temperature 
variations from —55 C to +-125 C o 
during vibration from 5 to 2000 cps, 
10 g max acceleration. Under normal 
test conditions, repeatability will be 
maintained within 2 per cent. 

The total mechanism is contained 
within a hermetically-sealed tube meas- 
uring 21% in. in length and 154 in. 
in diameter. Timing begins when the 
28 volt d-c solenoid is energized. A 
SPDT switch rated 4 amp is actu- 
ated at the end of the timing interval. 
The mechanism resets in 0.05 sec. 
Timing ranges are available from 1 to 
15 sec. Eagle Signal Corp., Moline, Il. 
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LONG LIFE COMMUTATOR 
SWITCHES 


Specially designed for long life (500 
hr min.), and for switching of high 
and low impedance circuits in aircraft 
and missile applications, the commu- 
tators are available in a wide selection 
of poles and positions, and in speeds 
from ¥g to 30 rps. 

Circuits available are 2 independent 
switch sections per commutator on the 
Model TSC-50, and 3 independent 
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PROVING GROUND for COMPUTER CORES 


| Thue’ 
pili "bbl 
Ue faital B 


Bulletin TC-108A 


“TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS” 


Includes essential data on applications and 
ie fabrication and testing of Arnold 
obbin Cores; lists standard sizes, etc. 


CO eee eee ree eeeeeereseeeseseseeeseees ee eee ee 


Bulletin GC-106C 
“ARNOLD MAGNETIC MATERIALS” 


Contains data on the complete Arnold line, 
including cast and sintered Alnico magnets, 
Silectron cores, tape-wound cores, bobbin 
cores, Mo-Permalloy and iron powder cores, 
and special permanent magnet materials. 


ADDRESS DEPT. EM-84 


APRIL 1958 


Take the hundreds of tiny Arnold 
tape wound bobbin cores that are the 
heart of some of today’s remarkable 
computing machines. 

Each one must provide reliable, 
uniform performance. Each must meet 
rigid standards of magnetic and phys- 
ical specifications. And, most im- 
portant of all, their basic material 
properties must be examined for 
pee grading of cores to assure per- 
ormance of the final product. 

Only precision manufacture can 
assure you this top-quality perform- 
ance in magnetic core materials . . . 
and at Arnold each core is made and 
painstakingly checked before ship- 
ment by the latest, most thorough 
methods and equipment. 


Some of this testing equipment and 
many of our production methods were 
developed by us—for our own use 
exclusively—and surpass the stand- 
ards set by the industry. You know, 
when you use Arnold cores, that the 
materials you receive have met all 
the rigid standard tolerances, plus 
any individual specifications you may 
have. 


@ Let us supply your requirements 
for Bobbin Cores—or other tape 
wound cores, powder cores, perma- 
nent magnets, etc.—from the most 
complete line of magnetic materials 
in the industry. And remember, Arnold 
products are precision-made, precision- 
tested, to your specifications. 


WSW 7047 


"THE ARNOLD ENGINEERING (COMPANY — 


Main Office & Plant: Marengo, Illinois 
AL Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 


_~ 
anor? 


District Sales Offices: 
Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Bivd. 


New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St., N.W. 
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@® THERMISTORS 


CURRENT 


Mills 
NORMAL CURRENT SURGE -NO THERMISTOR 


SUPPRESS INITIAL 
SURGE CURRENTS... 


CURRENT 


beri 
SURGE SUPPRESSED BY THERMISTOR 


PROTECT FILAMENTS 


Application of voltage to tubes in re- 
ceivers, transmitters, computers, and 
other electronic equipment subjects 
their filaments to initial current surges 
(top oscillogram). 


These surges cause premature fail- 
ure or unsatisfactory service life. Bot- 
tom oscillogram shows how a G-E 
thermistor can suppress the surge 
and protect the tube filaments. 


The thermistor has a large negative 
temperature coefficient of resistance. 
The high resistance holds surge cur- 
rent to a low value during initial 
application of voltage. As the cold fila- 
ment gradually heats up — raising its 
resistance to normal level — the ther- 
mistor’s resistance lowers to a negli- 
gible value, permitting full current to 
flow after a brief period. 


G-E thermistors can also be used 
to prevent surges from operating re- 
lays, or disturbing sensitive apparatus. 
They can provide time delay, control 
warning circuits, sequence switching. 

For more information, or thermistor 
test kits, write: Magnetic Materials 
Section, General Electric Company, 
7804 N. Neff Street, Edmore, Michigan. 


THERMISTOR TEST KITS 
$12.50 each 


Kit A: 12 orsKs (10-00 onms), 
6 SIZES 
Kit B: 12 DisKs (1000-100,000 oHmMS), 
6 SIZES, 2 GRADES. 
Kit C: 12 WASHERS AND RODS 
(10-415 OHMS). 6 SIZES, 2 GRADES, 
Kit B: 10 orsKs (1000 onms), 
5 SIZES, 2 GRADES. 


(ANH 
— 


Progress ts Our Most Important Product 


GENERAL @@ ELECTRIC 
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switch sections on the Model TSC-51. 
Drive motors are available for operation 
on 115 volts, 400 cycle a-c or 26.5 
volts d-c. 

Rated 
temperatures to 85 C and vibration of 
25 g to 2000 cps. Weight is less than 


2 Ib. and power requirements are 10 


performance is achieved at 


to 20 watts, depending on speed and 
Div., Bendix 
Way, 


number of poles. Pacific 
Aviation Corp., 11600 Sherman 
No. Hollywood, Calif. 
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CONDUCTIVE ADHESIVES 


Line of conductive adhesives are epox- 
ide-based materials which are supplied 
in paste form and can be cured rapidly 
at moderate temperatures to produce 
resistance solids. 


rigid, low electrical 


Adhesion is good to metals, plastics, 
glass and ceramics. Bond strength is 
above 2000 psi. Conductivity of result- 
ant compositions compares with that 


of metals. No solvent is present. Once 


a8 Sure. ED 


cured, they can be used from 65 F 
to +500 F. 

The adhesives are designated Ecco- 
are used in applications 
is impractical. Heat 
from a conventional soldering iron will 
adversely affect 

Solder will 


“wet” and adhere to conductive plas- 


bond and 
where soldering 
sometimes electronic 
compenents, often not 
tics or nichrome wire: Eccobond con- 
ductive adhesives will. The materials 
thermal 
can, therefore, be used in heat dissi- 
pation problems. They can be thinned 
out and applied as surface coatings. 
Two of the 
hesives are one-component systems; no 


& Cum- 


have good conductivity and 


Eecobond conductive ad- 


mixing is required. Emerson 


NEW/ tow-cost 


SINGLE COIL 


INDUCTION MOTOR 


New in design, new in economy 
— the Heinze P Motor answers 
your need for a low-cost single coil 
2 pole induction motor. It is avail- 
able in various stacks and horse- 
power ratings from 1/300 to 1/50. 
Free speed is 3400 rpm; load 
speed 3000 rpm. Designed for 
115 V, 60 cycle operation, the 
Heinze P Motor has broad applica- 
tion — in movie projectors, fans, 
gearmotors, advertising displays, 
pumps, toys, etc. 

You have a wide choice of models 
from the comprehensive line of 
Heinze sub-fractional horsepower 
motors and blowers. Heinze Engi- 
neers are also ready to adapt 
standard models — or design a 
complete new motor or blower for 
your exact needs. Send us your 
product and specifications. We'll 
adapt a motor... at no obligation. 
Write for catalog. 


af tri 3 ELECTRIC COMPANY 
« 685 Lawrence St., Lowell, Mass. 
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plastic molding by RICHARDSON 


This thermostat switch is molded to very close tolerances to position and hold 


sensitive electrical components securely. For instance, the distance between A and B, 
anchor points of the thermostat spring, is held to a tolerance of +.0015”. Other 
molded sections are held to *28% tolerances. In spite of temperature changes, the 
molded part remains dimensionally stable, thereby maintaining the accuracy of the 
control. This vital switch is used in Hotpoint electric ranges and commercial equipment 
appliances. 

At the suggestion of Richardson engineers, a transfer mold was substituted for the 
compression mold. The change to transfer molding effected savings in both labor and 
machine time. Mold life is longer. Flash is completely eliminated from the I.D. of 
the insert. The transfer mold method also reduced mold maintenance and repair to 
a minimum with a consequent saving in production ‘down time.” 

tichardson Services include research and development where new or special mate- 
rials are required, engineering design to help you produce the best product most 
economically, and production facilities for virtually any size or quantity of items in 
injection, transfer, and compression molding. 

Write Dept. 26 for further information or phone—Chicago—MAnsfield 6-8900. 
There is no obligation. 


RMrasic— the RICHARDSON COMPANY 


LAMINATED and MOLDED Founded in 1858 
2799 LAKE STREET *« MELROSE PARK, ILLINOIS * SALES OFFICES IN PRINCIPAL CITIES 
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..- WHERE PHOSPHOR BRONZE IS THE MAIN LINE-NOT A SIDELINE 
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till Miller Phosphor Bronze took over! 


There’s phosphor bronze ...and then there’s Miller 
Phosphor Bronze. A leading manufacturer of circuit 
breakers learned the difference the hard way. Designers 
used phosphor bronze in the star spring of the circuit 
breaker shown above . . . but spring pressure wasn’t uni- 
form, and breakers often failed to open under an elec- 
trical overload. 


Miller—whose specialty is phosphor bronze—experi- 
mented with various alloys and tempers for the phosphor 
bronze spring until they came up with the right material 
for the job. They specified Miller Grade A Phosphor 
Bronze—a material that met the rigid requirements for 
the job... was highly corrosion-resistant ...and was 
less expensive than the phosphor bronze originally used! 


Only specialists in phosphor bronze like Miller can get 
to the bottom of your application problems so quickly. 


ROLLING MILL DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 
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ing, Inc., 869 Washington St., Canton, 
Mass. 


Circle No. 571, Reader Inquiry Service Cards 
on page 


SURVEILLANCE TYPE 
ROTARY SWITCH 


Rotary switch is designed for sam- 
pling data from surveillance type ra- 
dars, sonars and magnetometers. This 
unit has 3 poles, 16 non-shorting con- 
tacts per pole operating at 30 rps 

Of the 16 positions, one carries a 
reference frame voltage, and each of 


the other fifteen samples the returned 
response of a 25 degree cone. The lead- 
ing edge of each contact on each pole 
is phased to less than 0.1 ms. Noise 
levels considerably less than 0.1 my 
are available for 1.0 mv signal levels 
in a 50 ohm circuit. 

The unit is hermetically sealed and 
withstands MIL-E-8189 environmental 
conditions. Instrument Development 
Laboratories, Inc., 67 Mechanic St., 


Attleboro, Mass. 


Circle No. 572, Reader Inquiry Service Cards 
on page 


Posteard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining 


New Componcnts and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer's 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More’ information on any product 
or service described. 


ELECTRICAL MANUFACTURING 





a= No. 166 PLASTIC 


the choice of experts... 


FOR BETTER. PERFORMANCE 


ELECTRICAL TAPE 


ON THE TOUGHEST 


ELECTRICAL JOBS - DUTCH BRAND PLASTIC TAPE 


Experts choose Dutch Brand Plastic Tape 
... it’s dependable, That’s because it’s safe, 
resists up to 9,000 volts. And it’s easy to 
use... conforms neatly and snugly to ir- 
regular surfaces, yet has what it takes to 
stick around in the tight spots. Econom- 
ical, too... Dutch Brand Plastic Electrical 
Tape protects against corrosion, is weather 


and water-proof, resists mildew and fungus. 
Try the choice of experts . . . next time ask 
for Dutch Brand. It’s available in the sizes 
and widths to meet your requirements. 


Johns-Manville Dutch Brand Products, 
7800 South Woodlawn Avenue, Chicago 
19, Illinois. 


JM Jouns-MANVILLE 
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Write for booklet! In the 
market for new ideas on 
tape as a time and 
money-saver? Send for 
“Big Four in Electrical 
Tapes,” our new booklet. 
Write today! 





Spacistor shown next 


to 


3-D MICRO-VISION 


helps RAYTHEON develop new 
SPACISTOR amplifier 


The Spacistor, Raytheon’s new semiconductor 
amplifier, opens new horizons in missile and com- 
munications equipment design. Still in develop- 
ment, the Spacistor promises to combine many 
advantages of transistors and vacuum tubes. 
Viewed through a Bausch & Lomb Stereomicro- 
scope, contact points that are normally barely 


ordinary 


pinhead. 


visible can be positioned with hairline accuracy. 
3-D magnification shows all parts vividly, right side 


up. Long working distance permits free movement 
of hands and tools between eyepiece and stage. Dustproof, shockproof 
optical system, with sharp, flat images free from distortion, assures 
fatigue-free viewing throughout prolonged examination. 


SEE FOR YOURSELF! 
MAIL COUPON FOR 
FREE 15-DAY TRIAL 


BAUSCH & LOMB OPTICAL CO. 


84728 ST. PAUL ST.,ROCHESTER 2, N.Y 


O 
O 


I'd like to borrow a B&L Stereomicroscope 
for a 15-day trial without cost or obligation. 
Send me B&L 3-D Micro-Vision Book (Cat. 


D-15), containing valuable data, showing ac- 
tual stereo views 


NAME 


TITLE 


COMPANY 


ADDRESS 


ZONE STATE 
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Laboratory 


and 
Engineering 
Equipment 


INSTRUMENT MEASURES 
THICKNESS OF COATINGS 
AND PLATINGS 


The Laminagage Model FLW-1 can be 
used for thickness measurements of 
metallic film or foil and will detect sur- 
face and subsurface cracks in smooth 
and rough coatings, flat stock or plate 


and tubing. In addition, it can be used 


to measure coating thicknesses of odd- 
shaped pieces and on assembly lines 
where the thickness of coatings must be 
continuously monitored. The Lamina- 
gage is also designed for use in auto- 
mated process control applications. 

Operating on the swept frequency 
principle, the tester will 
coating thicknesses over the 
range of 0.00005 in. to 0.007 in. with 
an accuracy of 10 per cent. With the 
instrument featuring high resolution 
and stability, ferrous and non-ferrous 
materials and a wide range or con- 
ducting and non-conducting coatings on 
conducting base materials can also be 
measured. 

Applications include: crack detection 
in basic metals such as cast iron, brass 
and carbon steel; determining uniform 
thickness of paints and _ porcelain 
enamel coatings; thickness of tin plate, 


eddy-current 
measure 


ELECTRICAL MANUFACTURING 





design around Mallory Mercury Batteries 


When designing new battery-powered products, add 
new values of miniature size, convenience and _ per- 
formance with Mallory Mercury Batteries. These 
unique miniature power sources, pioneered and per- 
fected by Mallory, are a key component in modern 
electronic equipment . . . transistor radios, alarm sys- 
tems, scientific instruments, portable tape recorders, 
radiation detection devices, and numerous other self- 
powered products. 


Design for user convenience. Mallory Mercury Bat- 
teries end nuisance of frequent battery replacement 
because they have a shelf and service life several times 
that of conventional batteries. 


Design for Miniature Size. Mallory Mercury Batteries 


Parts distributors in all major cities stock Mallory 
standard components for your convenience. 


Serving Industry with These Products: 


Electromechanical — Resistors © Switches ¢ Tuning Devices © Vibrators 
Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts @ Special Metals ¢ Welding Materials 
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pack a lot of energy into minimum volume. They make 
it practical to shrink the size of self-powered equipment 
to new, sales appealing compactness. 


Design for Rugged Use. Mallory Mercury Batteries 
withstand extremes of temperature and humidity. 
They’re ideal for military or severe commercial service. 
Design for Performance. Constant discharge charac- 
teristic gives fade-free operation; exactly matches tran- 
sistor requirements. Output voltage is amply accurate 
and stable for use as a reference in instrument and 
bias circuits. 

Write today for helpful data and for engineering con- 
sultation on your specific applications. 


MALLORY BATTERY COMPANY - CLEVELAND, OHIO 


a division of 


MALLOR 


P. R. MALLORY & CO. Inc., 


INDIANAPOLIS 6, INDIANA 


In Canada, Mallory Battery Company of Canada Limited. Toronto 4, Ontario 
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TYPE PA-1 $13.50 net 
Ideal for labs, light dimming, 
soldering, OEM accessories, 
model and hobby work. 
INPUT—120 volts, 1 phase 
OUTPUT—0-132 volts, 

1.25 amp., 165VA 


TYPE 500B $23.00 net 
The favorite Adjust-A-Volt 
for general industrial and 
laboratory use. 
INPUT—115 volts, 1 phase 
OUTPUT—0-135 volts, 

7.5 amp., 1.0KVA 


$18.75 net 
For OEM accessories, power 
supplies, instruments, servic- 
ing and labs. 
INPUT—115 volts, 1 phase 
OUTPUT—0-135 volts, 
3.0 amps., 400VA 


uAt-A-Vo€#Nariable Auto-Transformers 


for smooth, continuous voltage control 


An Adjust-A-Volt is your most mod- 
ern, efficient and reliable variable AC 
control for power supplies, instru- 
ments, mixers, motors... for control- 
ling power, heat, voltage, speed and 
light. 

There’s a type to fit your every re- 
quirement in the lab, for testing, in- 
spection or O.E.M. applications. 

Attractive, grey wrinkle case is 
well-ventilated. Adjust-A-Volts are 
equipped with pilot light, calibrated 
dial, switch, fuse, cord, plug and re- 
ceptacle. Each Adjust-A-Volt carries 
a two-year warranty. 


STANDARD ELECTRICAL PRODUCTS COMPANY 


The complete Adjust-A-Volt line 
includes bench or panel mounting, 
manual or motor-driven operation, 
ganged assemblies, 50/60 or 400 cycle, 
high temperature, double commuta- 
tor, military designs and special 
transformers in single or three phase 
— ratings up to 20 KVA. 

New Adjust-A-Volts are under de- 
velopment. Your inquiries for “spe- 
cials” are solicited. 

Write for 22 page catalog which 
gives all features and specifications. 

Adjust-A-Volts are stocked by lead- 
ing jobbers throughout the country. 


VARIABLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 


Circle 235 on page 17 


anodized aluminum or tinned surface as 
well as copper, brass, etc.; and deter- 
mination of overlay thickness. Gulton 
Industries, Inc., 212 Durham Ave.. 


Metuchen, N. J. 


Circle No. 573, Reader Inquiry Service Cards 
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DIGITAL VOLTMETER 


Designated Model 5350, unit measures 
d-c and a-c voltage and resistance to 
accuracies of 0.5 per cent and offers 
features for making 
quickly and simply. 


measurements 


The instrument is equipped with an 
automatic polarity indicator, decimal 


position indicator lights, accurate oven- 
controlled reference voltage for calibra- 
tion and a-c/d-c switch-type probe. 
Readings to 150 per cent of full scale 
are properly indicated even if the input 
goes beyond the range setting. 

Selectable ranges are: d-c_ volts 
+1/10/100/1000; a-c volts +1/10 
100/1000 rms; resistance 10 k/100 k/] 
M/10 M. Sampling rate is variable or 
may be externally controlled. Binary 
]-2-2-4 code output is provided to drive 
a digital recorder. Berkeley Div., Beck- 
man Instruments, Inc., 2200 Wright 
Ave., Richmond 3, Calif. 


Circle No. 574, Reader Inquiry Service Cards 
on page 17 


DIGITAL INDICATOR SHOWS 


TRANSDUCER OUTPUT 

The unit, designated Model 600, utilizes 
| the “synchro-sweep” principle in which 
| a rotary potentiometer connected in a 


bridge circuit with the transducer is 
driven continuously by a synchronous 
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NEWSLETTER 


SodALite MEANS SOLDERABILITY! 


Here’s a polyurethane base magnet wire insulation that’s self-fluxing, 
outstandingly easy to solder! 

Fine sizes of SodALite magnet wire can be soldered at 680°F. in approxi- 
mately 5 seconds. Heavy wire sizes can be soldered at 800°F. in approximately 
10 seconds. 

Conventional dip, iron, torch or gun methods will produce excellent 
connections. There is no need for brushing or chemical stripping because 
SodALite vaporizes to produce a clean solderable surface. Although SodA- 
Lite is self-fluxing, some operations may require a non-corrosive flux for 
best results. Excessively high temperatures will delay soldering and may 
cause poor connections. 

SodALite has dielectric strength values when compared with other 
standard films. Tests indicate only a small drop in dielectric strength after 
immersion in water at room temperature. High frequency characteristics 
and corona resistance, even in humid conditions, exceed nylon insulations. 
SodALite is compatible with a variety of phenolic alkyd, silicone and 
polyester impregnating varnishes. Field reports show it equal to other 
popular wires in abrasion resistance and handling characteristics. 

SodALite has excellent physical characteristics and electrical properties 
in addition to good resistance to solvents, moisture, acids, and bases. SodA- 
Lite has unusual thermal properties and, when tested to method of AIEE 

57, has 10-15°C. higher thermal rating than other widely used class A 
insulations. 

SodA Lite is offered as a 105°C. magnet wire, or better. Higher temper- 
ature usage should be considered only after testing to the specific applica- 
tions, because polyurethanes such as SodALite cannot withstand excessive 
overload conditions. For moderate overload conditions SodALite may be 
considered for use up to 120°C. 


continued on next page 


Foster Transformer Purchas- 
ing Executive Visits Port 
Huron Plant 


Above are shown, on right, Mr. A. L. Jonas, purchasing agent of Foster Transformer Co., 
Cincinnati, Ohio and on left, Mr. D. M. Skirving, sales manager of the Wire & Cable 
Division of The Electric Auto-Lite Co., Port Huron, Michigan as they inspect equipment 
designed to test the abrasion-resisting properties and the dielectric continuity of magnet wire. 
Picture was taken in the new Auto-Lite research laboratory at Port Huron, Michigan 
during Mr. Jonas’ last visit. 


Wire Users Invited To Use 
New Insulation and 
Process Lab 

With complete pilot plant facilities 
to develop and prepare conductors and 
cables, and to apply insulation, the 
great new Auto-Lite research labora- 
tory at Port Huron, Michigan offers 
test facilities for precise evaluation. 
Members of research teams below 
Q@Fe... 


‘“‘Miking”’ wire from plastic extruder for 
covering both high and low temperature wire. 


Recording tensile strength and elastic ratio 
on rubber insulation sample. 


Conducting simulated high altitude high 
voltage tests on new shielded insulation. 


Checking thermal characteristics of dozens of 
different insulation materials in high tem- 
perature ovens. 





Barker Becomes Manager of Engi- 
neering...Robert A. Barker 

has been named manager of 

engineering for the Wire & 

Cable Division of The Elec- 

tric Auto-Lite Company 

Barker has been with Auto- 

Lite since 1942, starting as 

a junior engineer and moving to his most 
recent post as assistant chief engineer for 
the Division through assignments as wire 
engineer, rubber engineer, and project 
engineer. In these posts he has been active 
in research and development of various 
automotive, aircraft, commercial, and in- 
dustrial types of wire and cable. Barker 
has worked with wire and cable design 
committees of the Army, Navy, Air 
Force, Ordnance, and industry 


West Coast Sales Under Gerber . 
John M. Gerber’s appoint 
ment as Western Regional 
sales manager for the Wire 
& Cable Division has been 
announced by D. M. Skirv- 
ing, Division sales manager 
In his new post, Gerber will 

direct the Company’s expanding aircraft 

and industrial wire and cable sales activi 
ties in 17 states west of the Mississippi 

With Auto-Lite since 1939, Gerber was 

most recently California district 

manager. In that capacity he maintained 
direct sales relations with leading aircraft 
and electronics manufacturers using Auto- 

Lite Wire & Cable. Gerber continues to 

headquarter in Los Angeles 


sales 


Rose and Hollingsworth Appointed 
to Auto-Lite 

Group... Two 

new posts within 

The Electric Auto- 

Lite Company’s 

Plastics, Wire & 

Cable, Instrument 

& Gauge, and Foundry group, have been 
filled with recent appointments of Stanley 
T. Rose, group sales manager, and Henry 
L. Hollingsworth, group engineer. 


Most recently, Rose was president and 
general manager of American Art Works, 
Coshocton, Ohio. He also served as di- 
rector of government contracts and indus- 
trial relations for the Ramco Division of 
Nash Kelvinator. In his new post he will 
coordinate sales activities of the Wire & 
Cable, Bay Mfg., and Instrument & 
Gauge Divisions in order to expand and 
exploit present and new product lines. 


As scientific and technical assistant on the 
group staff, Hollingsworth will aid in the 
forming and evaluating of engineering 
policy within the group and coordinate 
the development of new or improved 
manufacturing processes. He joined Auto- 
Lite in 1956 as an ignition engineer after 
4 years with Fischer and Porter Research 
Engineering Co. Previously, he was with 
E. I. DuPont de Nemours & Co. as an 
instrument engineer. 


Both men will headquarter in the Auto- 
Lite central offices in Toledo 


Sod ALite— continued—— 


Special SodALite For High Speed Universal Coil Winding 


A special type of SodALite with a roughened surface has microscopic non- 
conductive particles imbedded in the outer surface of the insulation. This wire is 
now in wide use for high speed universal winding of choke, peaking and flyback 


coils. High wire-to-wire friction of the surface holds coils in desired shapes during 


and after winding. This wire has exactly the same electrical properties and di 


mensions of regular SodALite. 


Cement Coated SodALite For Coil Bonding 
Cement-coated SodALite is now widely used for the production of coils with 


a firm turn-to-turn bond. Coils may be bonded by passing current through the 


wire, by oven heating or by applying chemical solvents. The cement coating does 
not affect the excellent solderability of the polyurethane. High dielectric values, 
good high frequency characteristics and good moisture resistance make SodALite 
more satisfactory than other popular cement-coated insulations. Dimensional 
tolerances and winding characteristics are equivalent to other cement-coated 


wires. Cement-coated SodALite has proven especially successful in the pro- 


duction of the new 110 


TV yoke coils. 


Auto-Lite magnet wire laboratory tests wire solderability on this Indiana 


Technical 


College automatic solderability 


tester. Test results, indicated by 


Solderability Table, show outstanding solderability of this polyurethane wire. 


AWG 40-37 
Maximum Temp. (°F 680 
Maximum Time (Sec. 4 


New Auto-Lite Technical 
Data and Developments... 


MAGNET WIRE LITERATURE .. 


five new envelope stuffers showing applications and 
detailed specifications on five types of Auto-Lite 


Magnet Wire 


BondALite’, ' 
oils, cemented 
TV yoke 


NyALite’*, for armature electr notors. The addition 
f nylon over Formvar adds a degree of windability not present 
with Formvar alone. Has much higher thermoplastic flow temper 

taining polar solvent 


No. 611 


pecially shaped 
varnish needed 


No. 610 


ature. Can be used with varnishe 


IsALite™, for electri tors with high temperature ratings 
Outstanding thermal stability allows use as transformer and 

tor windings at 155 C, provided adequate ventilation exists 
and compatible varnish is used No. 650 
Refrigeration hermeti 
L inhermetic motors 


No. 651 


LectALite™, for hermetic type motor 
otor applications. Can be used at | 
with Freon atmosphere 


SodALite”, for televisi and electric motor applications 
All solderable wire applications from electronic coils to motor 
windings. Excellent for radio and televi yils. Class 105 C 


No. 652 


Reference Catalog on wire covers automotive, plastic 
aircraft, electronic, and magnet wire. Shows test procedures 
magnet wire guide chart. and discusses packaging. A valuable 
text to have on hand No. 301 


See you in person! . . at the Design Engineering 
Show in the Internat’! Ampitheater in Chicago, April 14-17, 
1958 at Booth Number 783. Meet our technical representatives 
and discuss effective solutions to your wire problems 


.No. 507 


Or, if not this show . . we'll visit together at the Nat'l 
Purchasing Agents Ass'n's “Inform-A-Show” at the Conrad 
Hilton Hotel in Chicago May 11-14 No. 508 


Coming in May, 1958..big new 32-page magnet wire 
catalog. Reserve your deluxe copy now No. 609 


WIRE & CABLE Division, The Electric Auto-Lite Company 
Port Huron, Michigan 


Please send me 
610 611 650 651 
NAME 
TITLE 
FIRM NAME 
STREET 


CITY , .ZONE 
*Trade Mark Reg. U.S. Patent Office. 


652 301 507 508 609 


29-24 23-20 19 & heavier 
680 800 800 
6 8 10 


Automatic solderability tester used to determine time 
and temperature requirements to solder magnet wire 


bee Rh 

NEWSLETTER 

TORO PERE ErET A 
Is published for the helpful 


information of product, design, 
and engineering personnel ever ywhere 


WOULD YOU LIKE TO GET 
AUTO-LITE NEWSLETTER 
BY MAIL? [f/f you'd like to make 
sure you review every copy of the 
Auto-Lite Newsletter address your 
request to: Newsletter Editor, Wire 
& Cable Division, The Electric 
Auto-Lite Co., Port Huron, Mich., 
and ask to be put on the mailing list. 
You'll have informative articles on 
your desk regularly pertaining to 
Auto-Lite wire & cable, plastics, 
instruments and gauges, research 
developments, and zinc and alumi- 
num and gray iron castings. 





motor at a speed in synchronism with 
the transducer carrier frequency. 

Model 600 displays the transducer 
output on an electronic decade counter. 
Adaption is easily made for employing 
the output with printers, electric type- 
writers, digital computers, etc. By the 
use of external scanning equipment, the 
outputs of several transducers. can be 
displayed in rotation. 

The instrument is normally furnished 
with a range or span adjustment to 
accommodate transducer core. motions 
in ranges from 0-0.010 in. to 0-0.50 in. 
An electrical zero adjustment is pro- 
vided to allow adjustment or suppres- 
sion of zero over approximately 25 
per cent of transducer range. 

Output is normally expressed in per 
cent of transducer range. Model 600 
normally operates on a 3 sec cycle dur- 
ing which it requires an average of one 
second to arrive at a reading and then 
displays the result for the balance of 
the cycle, after which it automatically 
resets and makes another reading. The 
reading cycle can be initiated by an 
external command or by a panel but- 
ton, as well as by the automatic code. 
Daytronic Corp., 216 Sa Main St., Day- 
ton 2, Ohio. 


Circle No. 575, Reader Inquiry Service Cards 
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MAGNETIC CORE TESTER 


Model 123 core 
signed to test a variety of magnetic 
toroids. It is a current reset type test 
which displays the magnetic core B-H 
characteristic on a cathode ray oscillo- 


tester has been de- 


scope 60 times per second. From the 


display, the coercive force H,, the 
saturation flux density B,, and the 
B.:B,, ratio can be observed or de- 
termined. The general shape of the 
curve can be observed. 

One cycle of the test is comprised 
of a ramp current for setting the mag- 
netic core and a series of modulated 
“readout” or drive pulses for resetting 
the magnetic core. 

A test table is provided with sepa- 
rate storing areas for sorting the mag- 
netic cores into families. A solid metal 
probe is used to guide the magnetic 
toroid to the test station. The probe 
then makes electrical contact at this 
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. . . makes possible 


the positive, thorough 


blending of any number 


of dry materials 


... Made possible 
through the use of 
an Apex covered 


universal joint 


A revolving screw flight, rotating 
around the interior of a stationary 
cone, is the unique design principle 
that gives the Nauta Mixer its exclu- 
sive ability to intimately mix dry ma- 
terials in any proportion. 

The screw is driven through an 
Apex universal joint, sealed at manu- 
facture to insure clean, sustained 
lubrication. Because of this exclusive 
Apex design feature, the universal 
joint can be located in the midst of 
the materials being mixed, where it 
operates perfectly. The sealed cover, 
found only on Apex universal joints, 
and chrome plated exposed metal 
parts, assure completely sanitary oper- 


1933 


A Quarter Century of Service to Industry 


The Nauta Mixer, offered in 6 
models, from 10 to 125 cu. ft. 
capacity, is a product of Buflovak 
Equipment Division, Blaw-Knox 
Company. 


ation. The materials and the universal 
joint are fully protected. 

Your drive-line design problem may 
involve equally unusual requirements, 
or it may be relatively simple. Either 
way, Apex universal joints, standard 
or special, could provide the most 
efficient, economical solution. Our new 
Catalog 28 contains complete informa- 
tion; write, on your company letter- 
head please. for your copy. 


1958 
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station. The probe is one turn through 
the toroid which carries the ramp and 
readout current pulses. It also makes 
contact to the output amplifier. The 
use of a single wire type probe permits 
rapid testing. Mack Electronics, Div. 
of Mack Trucks, Inc., 40 Leon St., 
Boston 15, Mass. 


Circle No. 576, Reader ar Service Cards 
€ on page 
MailMaster | 
: ; TRANSISTORIZED DIGITAL 
with the flexible 
se BUILDING BLOCK TEST 
EQUIPMENT 
Transistorized digital building block 

The extra strength test equipment line is specifically de- 

d light ie of signed for use by engineers involved in 
a 9 weight o the development and production of 
Mason’s famous computer systems. 
shipping box makes Features are: ease of application. 
it the ideal package high speed and compactness. The high 
for in-plant storage 
and assembly. 


aon 


BOX COMPANY 


ATTLEBORO FALLS, MASSACHUSETTS 
NEW YORK —175 FIFTH AVENUE 


* & 4 4 1 


quality micro alloy transistors used 
Ae make possible speeds of 5 megapulses 
, ss xy eT ¥ eT Y ae Y Ae ° ° . i 

0 . . : . per second with long life and reliability. 


. > re oO s eC e . é 
Write Today for Colorful Catalog: Dept. A Seetegre: 9 Site egpipepent fs thet 
3 a simple method of marginal checking 
Circle 238 on page 17 . . : 
s % me is incorporated in the design. 


Counters, shift registers and pattern 


y » generators. as well as other special 
F ' purpose test set ups, can be readily 
i assembled from these units. The build- 


ing blocks are individually housed in 


a heavy, extruded aluminum case, spe- 


Pe YY i oO Fe E ~~ cifically designed for mounting into a 
~ | 19-in. panel. Only three voltages are 
oa oO 7 k i AN es la 4 used, +10, 3 and 15. Digital 


© Strength in thin sections virtually . ; Equipment Corp., Maynard, Mass. 
eliminates breakage of coil forms ie / je Circle No. 577, Reader Inquiry Service Cards 
during coil winding operation. on page 17 

High Dielectric Strength . 

Resistance to heat and deformation : : MICROSECOND INDICATOR 
Toughness 

Light Weight 
Lasting Resilience 
Easier Handling 


Type 206 was designed to measure: 
phase angle between two pulse-modu- 
lated sine waves; time interval between 
any two points of an irregular pulse: 
time delay of a 4-terminal network: 
Cd , time interval between an incident and 
... These properties in Cosmo Nylon d Bray se its reflected pulses through a medium. 
Bobbins will end your search for a 
new wey te simplify design and Po the following: two attenuators and two 
reduce your coil production costs. y eh i 

The new and modern plant is equipped 4 4 e cathode followers, one for each chan- 
with manufacturing facilities and e 5 nel; a step variable delay line, with 
engineering know-how to accurately 

produce nylon bobbins that will meet 

your most exacting requirements, 

Send in your specs or write for data 

brochure and samples. 


The indicator basically consists of 


SALES DIVISION OFFICES 
Arizona, Missouri, Illinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Canado 


ae SARIV 


3239 WEST 14 STREET TOwer 1-5597 * CLEVELAND 9, OHIO 


Circle 239 on page 17 ELECTRICAL MANUFACTURING 





APRIL 1958 


APPLYING RELIANCE V‘S DRIVES IN 
CYCLING EQUIPMENT 


BY 

Vv. R. MURPHY, E.E. 
Manager of V*S Products 
Reliance Electric and 
Engineering Company 


Years of application experience have proved 
Reliance V*S Drives are ideal for powering cycling 
equipment. The all electric design is fast acting, ac- 
celeration times in tenths and hundreds of a second are 
common. V*S equipment lends itself to a variety of 
automatic controls. 


VxS DRIVE COMPONENTS 


A V*S Drive operates from standard a-c. power 
lines and consists of three basic components: d-c. 
drive motor, packaged motor controls and operator’s 
control station. 


Reliance drive motors change speed over a wide 
range, smoothly and without speed steps. The all 
electric design permits the inclusion of built-in 
dynamic or regenerative braking, giving fast, main- 
tenance-free stopping power. 


Motor-generator sets or electronic rectifiers, work- 
ing from in plant a-c. power lines, form the nucleus 
of the motor control unit. A series of built-in controls 
regulate voltage and current in the system. With 
these controls, any required combination of speed, 
horsepower, torque and time characteristics are 
produced. 


CYCLING WITH TENSION CONTROL 


An example of simple, rapid cycling is shown in 
Figure 1. This is the operating cycle of a small wind- 
ing machine that rewinds wax paper and similar 
material from large production rolls onto smaller 
rolls for retail sale. The operation requires a fast 
winding speed, as well as a slow speed for changing 
retail rolls. After the new roll is started, the produc- 
tivity of the machine depends on how fast it can get 
to winding speed without tearing the material. 
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A Reliance VST Control is used to force motor 
voltage to give optimum acceleration and decelera- 
tion rates. Selected rates can be designed into equip- 
ment to meet any cycling requirement. A description 
of this machine is found in Bulletin D-1532. 


FORWARD AND REVERSE CYCLING 


Another type of cycling operation is shown in 
Figure 2. This shows the cycle pattern of a flying cut- 
off on a continuous pipe mill. AV*S Drive automati- 
cally, measures the pipe length, starts the cut-off 
carriage and brings it to line speed, stops after cut- 
off and returns the carriage for another cut. 

FEET PER MINUTE 
so al , : py 
60 


‘8 10 
SECONDS 


A digital counter measures the pipe as it passes 
through the carriage. When the correct length has 
been fed through, the motor is forced and rapidly 
accelerated, bringing the carriage up to line speed. 
Using a dual tachometer matching system and a 
VSR speed regulator, the carriage speed is exactly 
matched to line speed during cut-off. After cut-off, 
the carriage is returned to its starting position, while 
the counter measures for another cut. A description 
of this drive is found in Reliance Bulletin L-2505. 


These are two of the many types of cycling opera- 
tions that utilize Reliance V*S Drives. The variety 
of Reliance V*S Controls, and the wide horsepower 
and speed ranges, make these drives applicable to 
any cycling operation. Cycling is only one operation 
for which the V*S concept is suited. 

If you would like further information on how you 
can use V*S Drives when designing your product, 


contact your local Reliance representative, or write 
to the V*S Product Department. D-1881 


R © L i A ee to E ENGINEERIN 


Dept. 274A, Cleveland 17, Ohio 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 
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Transmit Motion Without Backlash 
USING A NEG ATOR’ SPRING 


Quiet, gearless transfer of motion with- 
out slippage or backlash—still another 
function of Hunter’s versatile design 
component, the NEG’ATOR constant- 
tension Spring 

Searching for a gearless method to 
link and synchronize the action of 
paper handling rollers to the timing 
drive assembly on the new “ROCKET” 
duplicating machine, design engineers 
at Standard Duplicating Machines 
Corp. tried cords, cables, chains— 
found that NEG’ATOR Springs outper- 
formed all. 
» So, as illustrated, they attached the 
free ends of two NEG’ATORS to the 
cam-and-lever driven timing segment 
and the free end of a third NEG’ATOR 
to an idler pulley. The constant ten- 
dency of the NEG’ATORS to return to 
their original coiled condition when 
extended keeps them taut—eliminates 


THE HUNTER 


backlash. They rewind smoothly on 
the drive pulleys as the pulleys are 
returned, under spring tension, to the 
cycle starting position 

By replacing gear trains with 
NEG’ATORS, Standard’s engineers ob- 
tained efficient operation, longer life, 
quieter operation, and reduced unit 
cost. The “ROCKET” is said to be the 
“quietest machine on the market.” 

Used in the manner described or to 
counterbalance without mass, main- 
tain constant pressure, deliver retract- 
ing force, power portable units, expand 
a scale, or perform other functions, 
the constant-tension NEG’ATOR Spring 
mightoffer just what you’ re looking for. 

You can learn more about the 
NEG’ATOR, its characteristics, forms, 
functions, and applications by reading 
Bulletin 310N. Send for a copy. 


neg ator 


constant-force spring 


HUNTER SPRING COMPANY 
22 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS . 


STAMPINGS * TEST APPARATUS 
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0.5 sec total delay and 0.05 psec per 
step, for E, channel; a continuously 
variable delay line with resolution time 
equal to 8 x 10°!! sec and total time 
delay of 6.1 psec for E, channel; a 
pulse-forming circuit; a multivibrator; 
and two gating circuits, one for each 
channel. Type 206 is always required 
to be used in conjunction with an 
oscilloscope. 
Specifications are: Channel 1 has 
total time delay of 0.5 psec in steps of 
0.05 psec; two input attenuators—one 
has 0, 10, 20, 30 and 40 db, the other 
is continuously variable from zero to 
infinity; Channel 2 has total time delay 
of 6.1 ysec with resolution time 8 x 
10%" sec for fine control, and 0.1 psec 
per step for coarse control; the input 
attenuator has 4 steps—10, 20, 30 and 
10 db; maximum sweep repetition rate 
of the oscilloscope is 100 ke; maximum 
output is 6 volts peak to peak. Advance 
Electronics Lab., Inc., Passaic, N. J. 
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OSCILLOSCOPE FEATURES 

AUTOMATIC TRIGGERING 

Covering frequencies from d-c to 300 
ke, Model 130BR is a versatile all- 
purpose tool for laboratory, produc- 
industrial processing 
measurement. In addition to its versa- 


tion line and 


tility as an oscilloscope, it can be used 
as a millivoltmeter or voltmeter. 
Simple operation is a feature of the 
instrument. Controls are at a minimum, 
are color-coded to front panel markings 
and are arranged by function. Twenty- 
one sweep times may be directly set 
by the panel control; no arithmetic or 
interpolation is required to determine 
Calibrated from 1 
usec/em to 5. sec/em, horizontal 
sweeps are accurate within 5 per cent 


sweep settings. 


and are highly linear. A vernier con- 
trol adjusts sweep time between cali- 
brated steps and extends sweep time 
to at least 12.5 sec/cm. Included is 
an X5 magnifier which may be used 
with any sweep and which expands 
the fastest calibrated 
psec/cm. 


sweep to 0.2 


An unusual feature of the sweep cir- 
cuit is use of a linear Miller-integrator 
triggered sweep instead of the custo- 
mary relaxation-oscillator sweep or 
the bootstrap generator. The benefits 
of the Miller-integrator sweep circuit 
are an accurate, calibrated sweep; a 
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Another outstanding advance in potentiometer 
design by Clarostat imagineering ... 

Clarostat Series 55 Multi-Turn Precision Poten- 
tiometer exceeds all applicable MIL specifications. 
The new design permits up to 20% greater wind- 
ing length in a given 10-turn outside diameter. 
Maximum protection against environmental 
humidity, salt spray, shock and temperature 
extremes. 

Available in wide range of electrical and me- 
chanical characteristics. 

@ Write for complete details. 


t Since 
CLAROSTAT 


S 
2 


\ 
aH 


¥ 


Minimum runout. Minimum end resistance. Minimum 
“noise.” Maximum stability. Maximum resolution. 
Servo and bushing mountings. Panel ball bearing. Oil- 
impregnated sleeve rear bearing. 

Center-tapped. Functional outputs obtainable by 
resistance-loading each side of center tap. 

Tap leads welded to resistance element. Any practical 
number available. 


Terminal leads also welded to resistance element. 
Gold-plated terminals. 


2 Flexible design readily modifiable to your requirements. 


1921, Experienced Resistor Experts! 


Circle 242 on page 17 





GUDEBROD 
LACING 
TAPES ARE 
USED IN 
COMMUNICATION, 
UTILITIES 

& MILITARY 
AS WELL AS 
RESEARCH 
PROJECTS. 
CAN WE 
HELP YOU? 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded ... and they come 
wax-coated or wax-free.. . 
rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + GUDE-NYLACE 
GUDELACE H + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 
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stable trace-starting position; and good 
linearity. Such a circuit permits sweep 
speeds to be 3 times faster to 100 
times slower (without external cir- 
cuitry) than those found in the con- 
ventional gas tube sweep. Hewlett- 
Packard Co., 275 Page Mill Rd., Palo 
Alto, Calif. 
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BRIDGE BALANCE UNIT 


Model 438-B bridge balance unit serves 
as a bridge between a transducer of 1, 
2 or 4arm type strain gage and a re- 
cording oscillograph. It has provisions 
for completing any part of the bridge 
circuit not contained in the transducer, 


and for balancing the bridge and ad- 
justing the sensitivity. Automatic stand- 
ardization can be accomplished either 
by series or parallel methods. 

Parallel standardization is the stand- 
ard type used. Series standardization is 
a method of obtaining signal-free stand- 
ardization while the transducer is ener- 
gized without having to switch the gal- 
vanometer out of the circuit. 

Units are enclosed in a portable case 
or can be rack-mounted upon removal. 
Magnecord Division of 
Instruments, Tulsa, Okla. 
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Midwestern 


HIGH-VOLTAGE PULSE 
MODULATOR 


Model 70M _hard-tube, high-voltage 
pulse modulator is a flexible tool for 
experimental tube testing. It is capable 
otf 2 distinctly different modes of upera- 
tion—cathode pulsing and modulating- 


Toroids ! 
Ue Poe 
Light in Weight! 


Envision the potentialities of these 
bantum coils in solving space and 
weight problems! Subminiature tor- 
oids from the BOESCH SM reveal a 


new horizon in equipment design. 


Comparison is the best test of excel- 
lence. See for yourself why BOESCH 
manufactures the world’s most super- 
ior winding machines. 


Model SM 
Ask for the new BOESCH Catalog 


57A on your company letterhead 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 
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Low-cost and with controlled electrical properties. CDF Celoron Molded Plastics are 
designed for use in electrical and mechanical applications requiring high impact 
strength with good mechanical and electrical properties. 


Close tolerances and high finish 
with phenolic resin-impregnated 


CDF CELORON*® MOLDED PLASTICS 


CDF Celoron Molded Plastics give you all the 
advantages of low-cost form molding of elec- 
trical and mechanical parts. You can even add 
strength selectively to any section of the item. 


Through lower unit costs, CDF Celoron Molded 
Plastics offer you longer life per dollar invested. 
Resist water, oil, grease, and many other cor- 
rosive solutions and atmospheres. In gears, 
they operate without continuous lubrication at 
temperatures of up to 150°F.—300°F. in oil. 
CDF Celoron Molded Plastics are also sound- 
absorbent, shock-resistant, and abrasion- 
resistant. 
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You can save machining time through CDF’s 
custom molding and complete fabrication facil- 
ities. You'll also save costs through CDF’s mass 
production of Celoron parts. 


See your CDF sales engineer today. He’ll show 
you how CDF Celoron Molded Plastics, plus 
complete custom molding and fabrication, can 
save you production time and costs. 


, CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Butt COMPANY, NEWARK 13, DEL. 
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how 


a full line of Chicago Standard 


TRANSISTOR TRANSFORMERS 


hermetically sealed or open mounting 


Twenty-seven new up-to-date transistor transformers have been added 
to the Chicago Standard stock line, available for immediate delivery. 
They match the most frequently used transistors, and have applications in 
many existing transistor circuits. Included are inputs, outputs, interstages 
ond drivers. 

These units are available hermetically sealed in military standard cases 
(type TAMS), built in accordance with MIL-T-27A, Grade 4 Class R 
operating temperature, life expectancy X (10,000 hours minimum). Also 
available with open mountings (type TA) for non-military applications. 


For detailed information, write for Chicago Catalog CT3-57 and 
Stancor Bulletin 535. 


TRANSISTOR AUDIO TRANFORMERS 
MS Type 
Chicago No. | 
TAMS-1 | 
“TAMS-2 | interstage | 
~ TAMS-3 Interstage 
_TAMS-4 | interstage 
TAMS-5 Driver 
~ TAMS-6 | Driver 
~ TAMS-7 Driver 
~TAMS-8 | Output 
TAMS-9 | Output 
TAMS-10 | Output 
~ TAMS-11| Output 
~ TAMS-12| Output 
a | Driver 200 C.T. | 400 C.T.| 
Output 24C.T. | 16/4C.T.4_ 
+2 secondaries 16 ohm series, 4 ohms parallel 


Imp. in Ohms 
Pri. Sec. 


Max. Pri. Open Type 
.C. Ma. i. Sec. in Watts |Stancor No. 
600C.T. | 10 bs 
100C.T. | 10C.T.| 
100 | 1000 C.T.| 
500 C.T. | 5000 C.T.| 
1000—~C*C*«*S: ‘Gt A 
se00- 
100 
| 9800 
| 1000 
| 2000C.T. |. 
| ac. 1 
20 C.T. | 


Input 











TRANSISTOR POWER TRANSFORMER—Primary 117 V, GO cycle 


Plate Supply No. 1 
AC Volts DC Ma 


Plate Supply No. 2 Stancor 
AC Volts DC Ma Part No. 
For bridge rec- 


CHICAGO STANDARD TRANSFORMER CORPORATION 


3506 ADDISON STREET CHICAGO 18, ILLINOIS 
Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13 


Application 
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anode pulsing. In both modes, it oper- 
ates anywhere in the range from 30 to 
12,000 cps, and with pulse lengths con- 
tinuously variable from 0.5 to 30 psec. 

As a cathode pulser, it will pulse 
from 0 to 35 kv up to 10 amp. As a 
modulating-anode pulser, it will pulse 
from 0 to 35 kv into a 25 pyf load. 

Equipment consists of a cabinet con- 
taining a 35 kv, 0.1 amp power supply 
with less than 0.1 per cent peak-to-peak 
ripple; a 0 to 20 volt, 0 to 20 amp 
filament supply for the tube under test; 
and a_ special pulse-modulator unit 
capable of being switched to 2 modes 
of operation. Included in the equipment 
is a spark-gap crowbar system which 
will operate anywhere from 0 to 65 
kv for high-speed protection of the load. 
This circuit is designed to be fail-safe 
and to be triggered from either an ex- 
cessive current pulse or by any pulse 
occurring during the normal interpulse 
pulse period. 

Included in the system is a self-con- 
tained trigger generator with 3 delayed 
outputs variable from 0 to 35 sec 
each. Critical waveforms are brought to 
a monitor for oscillo- 
scope viewing. Total power requirement 
is about 10 kva from a 440 volt, 3-phase, 
60 cps source. Levinthal Electronic 
Products, Inc., Stanford Industrial Pk.. 
Palo Alto, Calif. 
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selector switch 


VIBRATION FATIGUE 
TESTER 


Vibration of this machine is produced 
on a vertical plane, in simple harmonic 
motion. Stepless acceleration is from 
5 to 100 cps, a ratio of 1 to 20, with 
smooth power flow at all times. A con- 
trol unit houses manual and automatic 


controls, tachometer and range selector. 
Cycling is accomplished by. merely turn- 
ing a knob to left for low cycles and 
to right for high cycles per second. 
An adjacent knob is turned to switch 
the machine to automatic operation. 
The range selector on the front of the 
control housing provides automatic ac- 
celeration and deceleration within any 
given segment of the total range. The 
larger of two knurled discs is turned 
manually to a setting to control the high 
limit of frequencies and the smaller 
disc controls the low limit. For example, 
the knurled discs can be set to provide 
frequencies from 5 cps to 55 cps and 
back to 5 repeatedly, or 41 cps up to 
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Plated Metal Strip 


Automation-wise, plating metal parts after stamping 
can be waste motion and interrupt production flow. 
Designers have found they can eliminate the plating 
step by starting with plated metal strip. Production 
and assembly of parts can then be incorporated into 
continuously automatic production lines, smoothly 
and economically. With its unique plating process, 
Sylvania can plate metal strip on a single side or on 
both sides. Plating can be controlled for even or 
uneven thickness from side to side. 


We've already plated base metals of steel, stain- 


¥ SYLVANIA 


LIGHTING 


TELEVISION - 


RADIO + ELECTRONICS 


PHOTOGRAPHY + ATOMIC ENERGY - CHEMISTRY-METALLURGY 


APRIL 
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less, brass, bronze, copper, nickel, and aluminum 
with nickel, tin, silver, and copper. Strip up to 
.040" thick and 10" wide can be plated up to .005" 
thick per side. Some unusual combinations are in 
development to meet special needs—maybe you have 
a custom plating requirement too. 


Why not accept our invitation to investigate? For 
our Plated Strip Technical Bulletin, write to 
Sylvania Electric Products Inc. 
Parts Division, Warren, Pa. 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Ceramic Composites 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 


PARTS 





The finest light springs and wireforms of every type and materia! 
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lf springs will be 
important in the 
NEW products 

You plan to make... 


LEWIS has 

the experience, 
the organization, 
the facilities 

to help YOU 
solve problems 
in Design, 
Production, 


and Purchasing 

... to conserve 

your time, effort 

and lower your costs 


SPRINGS AND WIREFORMS 
ARE OUR BUSINESS 


LEWIS SPRING & MANUFACTURING COMPANY 
2634 W. North Avenue, Chicago 47, Illinois 


rPRECOQ+s1D Bw 


e 
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91 and back repeatedly. Also, frequen- 
cies can be held at any given point. All 
American Tool & Manufacturing Co.., 
8053 Lawndale Ave., Skokie, Ill. 
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PRE-SET COUNTER 


Model 4150 pre-set counter has been 
designed for high speed counting and 
control in automatic operations. A 
panel switching arrangement permits 
use of this instrument as either a to- 
talizing counter at rates up to 5000 
counts per second or as a _ pre-set 


counter adjustable from one to 9999 
counts at rates up to 1000 counts per 
second without error. An _ optional 
batch counter also totalizes batches at 
rates up to 600 per minute. 

Model 4150 combines reliable glow- 
transfer counting tubes with unitized 
printed circuit construction for trouble- 
free operation under severe operating 
conditions, 

A rear panel test switch connects 
the power line frequency to the coun- 
ter in test position and permits use 
of the instrument as a preset time in- 
terval generator adjustable in Mo sec 
increments (%o0 sec on 50 cycle lines) 
for accurate cycle timing. Ninety volts 
bias photocell input and light source 
power are supplied. I-L-S Instrument 
Corp.. 4541 W. 160th St., Cleveland, 
Ohio. 
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POWER SUPPLY REGULATION 
ANALYZER 


Model 901B power supply regulation 
analyzer is designed to measure applied 
d-c voltage, the percentage change in 
applied d-c voltage and the rms ripple 
on the applied d-c voltage of regulated 
and unregulated power sources. It meas- 
ures characteristics of d-c voltage in the 
test range 1 to 3000 volts. The applied 
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why It pays 


to depend 


STANDARD SUBMINIATURE 


High capacity—over four times 
that of most switches its size. 
Rated at 10 amps at 125 or 250 
volts A.C. or 28 volts D.C. Wide 
range of newly designed actu- 
ators...or can be adapted to 
present actuators and mountings. 
Operating temperature range: 
—80° to +350°F. Terminal 
arrangement permits wiring 
double circuits. 


NEW TYPE Q SUBMINIATURE 


Smallest snap-action switch with 
a 10 amp—115 volt capacity. 
Designed for extra vibration 
resistance and easy installation. 
Adaptable to automation tech- 
niques. Ruggedly built to take 
up to 100,000 operations at 
capacity load. Meets a variety 
of circuit requirements. 


3 OPEN BLADE SUBMINIATURE 


Use your own housing—even 
include other components if you 
desire—with this unique pre- 
cision switch. Readily adapts to 
return or set type operation. 
“stvator may be insulated or 
extended to meet requirements. 
Many other combinations are 
possible. 


PUSH BUTTON SUBMINIATURE 


Three split contact circuits in 
subminiature size. Only 754)” 
long by *%4” wide by 1'%,4" high. 
Rated at 10 amps—115 volts 
A.C. This panel mounted, over- 
travel plunger-type actuator 
assembly is believed to be the 
smallest yet made. 


5 OPEN BLADE MULTI-POLE 
SUBMINIATURE 


Recommended for economical 
and positive control of two cir- 
cuits. Laminations are secured 
by two eyelets which provide 
holes for mounting screws. Avail- 
able in return or set type with 
rear or side terminals. 


AC RO subminiature Switches 


Compare the ACRO group of Subminiature Switches 
any way you like—cost, performance, size, capacity, 
versatility—you’ll see why more and more design 
engineers are specifying ACRO. 

These five basic types of subminiature switches offer 
many development possibilities for your subminiature 
assemblies ...from aircraft applications to vending 
machines. All incorporate the patented rolling spring 
action for which ACRO Switches are internationally 
known and respected. 


ACRO’s modern mass-production techniques and facili- 
ties assure lowest possible unit cost...even when 
variations of basic switches are required to meet your 
specific needs. 
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Talk over your requirements or possibilities with an 
ACRO engineer . . . or write for engineering data on any 
or all of the five subminiature switches shown here. 


Kobortshaw- Fulton 


A © 
ae CONTROLS COMPANY 


ACRO DIVISION Dept. 154, Columbus 16, Ohio 


In Canada: Robertshaw-Fulton Controls (Canada) Ltd., Toronto 
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d-c voltage can be measured to an 
accuracy of 0.1 per cent. 

The unit provides 4 ranges of sensi- 
tivity measuring per cent regulation: 
(1) 0.005 per cent each side of null 
position—each division on the meter 
scale equals 0.0002 per cent; (2) 0.05 
per cent each side of null position— 
each division on the meter scale equals 
0.002 per cent; (3) 0.5 per cent each 
side of null position—each division on 
the meter scale equals 0.02 per cent; 
(4) 5 per cent each side of null position 

each division on the meter scale 
equals 0.2 per cent. 

Model 901B provides 11 ranges for 
measuring ripple voltage from 0 to 100 
volts. The ranges are 0-1, 5, 10, 50, 
100, 500 mv rms; 0-1, 5, 10, 50, 100 


volts rms. 


“dependable and reliable’’ 


This unit also provides for oscillo- 
scope monitoring and external record- 
ing so that either a visual or permanent 
continuous record can be made. Height 
is 884 in., width 19 in., depth 17 in. 
Kepco Laboratories, Inc., 131-38 San- 
ford Ave., Flushing 55, N. Y. 
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AUTOMATIC CONTROL 
GAUGE 


The L series C162 automatic control 
gauge was designed around the prin- 
ciple that the most precise gauge sacri- 
fices perhaps 50 per cent of its value 
unless the piece is gauged while im- 
mobile at least for a split second. An 
“accelerator” handles the piece at dou- 
ble the feed velocity if 100 per cent 
inspection is required, so that the 
necessary time for a proper measure- 
ment can be taken without “pile-up.” 

The system is applied to centerless 
grinding operations and is capable of 
signal and feedback control based on 
any three conditions selected such as 

DEVELOPMENT - ENGINEERING - MANUFACTURING “Cood.” “Over” and “Under.” 

While it will work with virtually any 
type of recorder, the company has 
Alternators as prime power sources developed one for use with the C162 
which will make a series of dots or per- 
forations. It will show the rate of 
wheel wear, the trend and pattern of 


form errors or a form pattern on con- 
High-temperature power tachometers tinuous stock. The feedback leads from 


for turbine and pump speed controls 


Frequency changers for radar power 
supplies and inertial guidance systems 


the gauge can be used for machine cor- 
rections or “shutdown” on “limits.” 
High-temperature and high-frequency The prescribed limits are dialed elec- 

motors, motor generators and actuators tronically with a knob calibrated in 

0.0001 in. or 0.000050 in. The rigidity 

of this knob setting regardless of the 

changes in temperature eliminates the 

FOR HIGH-FREQUENCY POWER UNITS. WRITE OR CALL necessity of gauge recalibration, and 
facilitates fine adjustments for com- 


402 EAST GUTIERREZ STREET pensating to temperature charts. Elec- 
fom | aero tro-Autosizing Machine Div., Industrial 
Sl anh etadebanpabiie aan lhe Gauges Corp., 117 The Plaza, West 

iat i cna mmnmaala Englewood, N. J. 
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‘Tra ngitron 


ILICON 


RP 
P 


Two new high power transistors have just been added to the Transitron 
e line, increasing power ratings to 80 watts. Now, whatever the applica- 


“toi wé TRANSISTORS 
Quer 
in 


tion, you can choose from the broadest power range in the industry . . . 


dusttY | with Transitron reliability built into every transistor. 
in 


HIGH POWER 


®@ Ratings to 60 watts 

@ Operation to 5 amps 

@ Low Res, 1.5 ohms typical 
®@ Voltage Ratings to 60V 


MEDIUM POWER 


@ Operation to 500 ma 

® Ratings to 5 watts 

@ Low Res, 6 ohms typical 
®@ Voltage Ratings to 100V 


SMALL SIGNAL 


® Operation to 175°C 

@ Low Ico at Rated Vc max. 

® High Current Gain 

@ Three package sizes available 


‘Trangitron 


electronic corporation 


Transistors Diodes Regulators 


Type 


$7400 
2N389 


2N545° 
2N547 
2N498 
2N497 
2N55) 


2N243 
2N244 


Maximum 
Power 
Dissipation 
t 25°C 
case 
(watts) 


60 15 
37.55 10 


Maximum 


Minimum 
D.C. 
Common 
Emitter 
Current 
= 


@ 


Power Maximum 
Dissipation Collector 
at 25°C Veltage 


cose 
(wotts) 


5 
5 
4 
4 
5 


75 
75 


*Fost Switching Type 


Minimum 
Common 
Emitter 
Current 
Gain, 8 


80 
40 
20 


78 
18 


18 
36 


18 
% 


VcMax 
(volts) 


@ 2 amps 
2 amps 


Typical 
Collector Maximum 
Saturation Collector 
Resistance Volt. 


(ohms) ~-V¥e 4volts) 


15 @2amps 60 
fetes 60 


Minimum 
Dd. 


Common Typical 
Emitter Collector 
Current Saturation 

Gain Voltage 
8 (volts) 


15@500ma 3V@500 ma 
20 @ 500 ma 
12@200 me 
12@200 ma 
20@ 50mca 


9@ Sma 3.5V@20me 


28@ Sme 3.5V@20ma 


Maximum 

Collector 
Voltage 

Vec Peok 
(Volts) 


45 
45 
45 


45 
45 
30 
30 


30 
30 


Send for Bulletin TE-1353 


Maximum 
Collector 
Cut-off 
Typical Current 
Cut-off at 25°C 
Frequency . at Vc MAX 
(MC) (ue) 


wakefield, massachusetts 


a 


Rectifiers 
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Literature 
for the 


Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 





D-C MOTORS AND GENERATORS 
Eight-page bulletin GED-3343 describes 
how the company can help solve special 
d-c motor application problems. The 
bulletin outlines complete engineering 
service, manufacturing facilities and an 
actual case history. Typical equipments 
manufactured for non-standard applica- 
tions include missile support equip- 
ment, ground power units, amplidynes, 
gearless low-speed motors, compensated 
motors and 
Electric Co. 
Circle No. 621, Reader Inquiry Service Cards 
on page 


dynamometers. General 


POLYSTYKENE DIELECTRIC CAPACI- 
TORS—Engineering bulletin describes 
line of polystyrene dielectric capacitors, 
widely used in computing devices, tuned 
circuits where high Q is necessary. 
bridges and timing circuits. The bul- 
letin describes in detail units in her- 
metically-sealed tubular, bathtub and 
upright rectangular case styles. Size, 
capacitance and voltage charts are in- 
cluded, as well as temperature curves. 
Aerovox Corp. 
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RESIN-IMPREGNATED FIBRE — Four- 
page bulletin V-58 describes insulation 
material made of resin-impregnated vul- 
canized fibre for use in many electrical 
and bearing applications. Typical ap- 
plications are given for the material, 
which is available in the larger 43 in. 


256 


x 76 in. sheet size. Tables and charts 
give mechanical and dielectric strength 
compared with those of other materials, 
together with physical properties in- 
cluding are resistance, tensile strength 
and dielectric strength in thicknesses 
ranging from 42 in. to 1 in. Continental- 
Diamond Fibre Corp. 
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HIGH-FREQUENCY TRANSISTORS 

Twelve-page brochure No. G-150 de- 
scribes high-frequency transistors and 
includes ratings. cut-off. 
small signal characteristics and charts 
showing the emitter 
characteristics for 4 


maximum 
common output 
n-p-n and 
5 p-n-p transistors. General Transistor 
Corp. 


static 


Circle No. 624, Reader Inquiry Service Cards 
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CURRENT PULSE AMPLIFIERS Bulletin 
57-A Models 1070 (2 amp 
output from a moderately high-source 
impedance) and Model 1070A (1 amp 
output from a high-source impedance) 
current pulse amplifiers for designing 
and testing of digital computer com- 
ponents, logic circuits, magnetic cores, 
memory systems and transistors. The 
bulletin briefly describes the basic cir- 
cuit groups and includes application 
suggestions and detailed specifications. 
Rese Engineering, Inc. 


Circle No. 625, Reader Inquiry Service Cards 
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describes 


SILICON AND NICKEL LAMINATIONS 

Fifty-page catalog describes silicon- 
steel and nickel-iron laminations and 
deep-drawn cans and shields. Included 
with the technical data are many 
graphs and dimensional drawings, giv- 
ing properties and specifications. The 
catalog also serves to acquaint the 
with the production facilities 
available at this division. Repath Pa- 
cific Div., The Arnold Engineering Co. 


Circle No. 626, Reader Inquiry Service Cards 
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reader 


DETECTORS, INSTRUMENTS, ANALYZ- 
ERS——One-hundred thirty-two page cata- 
log contains the manufacturer’s com- 
plete line of 200 items, ranging from 
Geiger Mueller detectors to transistor- 
ized multi-channel analyzers. For read- 
ing ease, it is divided into 4 sections: 
Detectors. Instruments, Accessories and 
a special section of Applications. The 
Applications 


section shows how the 


detectors, instruments and accessories 
can be combined to form various de- 
tecting, analyzing sys- 
tems. Radiation Counter Laboratories, 


Ine. 


counting and 
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TEFLON TAPE—Folder of technical in- 
formation about Teflon tape describes 
unsintered “Bonnytape.” its physical 
characteristics, methods used in taping. 
standard packaging methods and the 
process of sintering tape. Emphasis is 
placed on the use of Teflon tape as a 
wire-insulating material. Bonny Manu- 
facturing Corp. 
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ANODIZED ALUMINUM STRIP CON- 
DUCTOR—*“‘Anodized Aluminum Strip 
Conductor” is the title of a 
illustrated brochure that contains de- 
tailed technical information on the 
advantages, applications, heat transfer 
properties, winding and 
aluminum 


12-page 


joining of 
anodized strip conductors. 
Featured is a computation chart for 
obtaining strip conductor equivalents 
of wire gauges and other data useful 
in coil design. The brochure also de- 
scribes the company’s engineering, lab- 
oratory and_ field 


Metals Co. 
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services. Reynolds 


MINIATURE BALL BEARINGS —T wenty- 
four page bulletin describes in detail 
the full line of MPB miniature ball 
bearings which range in size from %% 
in. OD down to \%o in. OD. The catalog 
contains descriptive information on 
standard radial miniature bearings, in- 
cluding bore dimension charts on all 
radial types such as radial retainer, 
flanged radial retainer, single and dou- 
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Here's the new nylon idling cam produced by 
Chicago Molded for Holley Carburetor 


APRIL 


1958 


Nylon replaces metal 
in automotive cam... 
eliminates 3 operations, 
cuts costs more than 50% 


Many models of Ford Motor’s Lincoln, Mercury and Edsel are 
equipped with latest-type Holley automatic carburetors. In inset 
photo, choke housing has been pulled away to show the molded 
nylon fast-idle cam as assembled. 


This nylon fast-idle cam made by Chicago 
Molded for Holley offers less friction, and resists 
wear better than cams of low carbon steel. 


Furthermore, injection-molding it of nylon elim- 


‘nates three operations — hardening, stamping, 


assembly — at production savings of more than 
fifty percent. 

Holley is able to change the cam design with- 
out obsoleting the entire mold. That’s because 
Chicago Molded designed a unique multiple- 
cavity mold made with removable sections. This 
permits easy changes in the number and sizes 


of the ratchets with very little expense, when 


the basic part is redesigned. 

Designing and making molds that cut costs 
— and allow for low-cost changes — is a‘specialty 
of Chicago Molded’s engineering staff. Why not 
find out if they can cut your costs? Ask, too, for 
a free subscription to Plastics Progress — the 
data-packed magazine on new developments 


in plastics. Write: 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1024 North Kolmar Avenue, Chicago 51, Illinois 
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Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 


WATERPROOF 
MOLDED COILS 


encapsulating process. 


Coil windings are currently 


being molded in 


green, 


black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 


Laboratories 


as_ insulating 


materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. 


E For Complete 
Details 


DELUXE COILS, 
Post Office Box 364 


INC. 


a Wabash, Indiana 
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Increase 
Production 
Efficiency 


with Precision Made 
Wisconsin 
Ceramic 
Parts 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN 
PORCELAIN CO. 


1S Market St., Sun Prairie, Wis 


The uniformity and toughness of Wisconsin 
ceramic parts give you a closer fit, speeds 
assembling and reduces production costs. 


Wisconsin Porcelain Co.'s line includes: 


PORCELAIN—Pieces are of consistent high quality 
—furnished with very white finish, or glazed 
in various colors 


STEATITE— Meets your needs where low loss, ability 
to withstand electrical shock or low water 
absorption are requirements. 


REFRACTORY—Especially suited to applications 
where great temperature variation is a factor. 
FILTER—Designed to accurately filter and control 

flow of liquids. 


TELL US YOUR REQUIREMENTS — our ceramic engineers 
will work with you in selecting or designing the part best 
suited to your application 
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ble shield radial retainer, single and 
double shield flanged radial retainer, 
radial, flanged radial, high speed and 
flanged high speed. Applications and 
special features of the bearings are 
described. Miniature Precision Bear- 
ings, Inc. 
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ISOCYANATE INSULATION — Illus- 
trated, 8-page bulletin describes the 
properties and uses of isocyanate insula- 
tion for continuous operating tempera- 
tures of 150 C. The bulletin contains 
10 tables giving performance data and 
electrical and mechanical properties of 
isocyanate products. Topics include: 
Chemistry of the Isocyanates, Meeting 
Insulation Needs with Isocyanate In- 
sulation, Thermal Stability of Isocyan- 
ate Insulating Materials and Natvar 
Isocyanate Insulation. Natvar Corp. 
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SLIP RINGS, BRUSHES, COMMUTATORS 

Eight-page illustrated brochure de- 
scribes over 50 slip rings, brushes, 
commutators and drums. The 9 methods 
of manufacturing these units are dis- 
cussed, along with the different materi- 
als and end uses of the product. The 
brochure describes technical aspects 
such as: one-piece molded construction 
wherein 2 to 200 rings are molded into 
one integral unit; ball-bearing mounted, 
sealed slip ring and brush assemblies; 
and high-temperature silicone units that 
withstand 650 F continuous. Slip Ring 
Co. of America. 
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SATURABLE REACTORS—Bulletin C-15 
describes the company’s proportioning 
reactors, transductors and switching re- 
actors. Each of these lines is described 
as to both physical and electrical prop- 
erties. Dimensional outlines are pro- 
vided with complete tables. Also in- 
cluded are instructions for ordering all 
three product lines. Control, Div. of 
Magnetics, Inc. 
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ELASTOMER-PHENOLIC FILM ADHE- 
SIVE—Ten-page Special Product Report 
describes PLYMASTER V-2 and V-3, 
100 per cent reactive elastomer-phenolic 
film adhesives for the flat-surface bond- 
ing of all metals and plastics. Included 
are several pages outlining the generic 
advantages of dry, solvent-free film ad- 
hesives; specific technical data applying 
to the new 4- and 1l-mil films; and 
| detailed information on various reacti- 
vation methods which may be used to 
achieve bonds with tensile shear 
strengths in excess of 1800 psi and 
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These could be the 


MOST IMPOR 
TANT R mT 


Male EE Be-AT-) 

¢ y admirably geared t 

circuit d Oh tal mal-t-10 me) , 

esigners. Hermetically sealed—no WAR oe bat 
ostage stamp 


| re eee | c c ) 5 
t t t i i d more | mo le as) To] | 


SPECIFICATIONS 


Ambient Temperature. ..- _—65° C to +125° C. 


Shock 50 Gs for 11 milliseconds. 
Vibration 8 5 aa aneee 5-75 cps at maximum excursion of y-inch, 
75-2000 cps at 20 Gs acceleration. 
Dielectric Strength....--- Sea level—1000 volts rms between terminals 
and frame, and between adjacent circuits; 


750 volts rms between contacts of a set. At 
80,000 ft., 350 volts rms. 


Insulation Resistance... .- 1000 megohms minimum at 125°C. 


Coils : Coils up to 410,000 ohms available for a wide 
range of voltages or currents. 


Nominal Operating Power. 
Pickup Time 

Dropout Time.. is 
Contact Arrangement....-- 
Contact Rating 


Contact Resistance.. 
Contact Life. 


Enclosure 


Mounting...----- 
Terminals 


Military Specifications 


r —75——" 


po! complete information send for Bullet 
ddress:C.P.Clare gy teh: 
Pea are &Co., 3101 Pratt Bivd.,Ch 


s.In r “ 
Pn Canada: C. P. Clare Canada Ltd 
Street, Tor Tee Let) ae late 


250 milliwatts. 

3.5 milliseconds nominal. 
1.5 milliseconds nominal. 
2 pdt (2 form C). 


3 amps resistive at 28 volts d-c or 115 volts 


a-c; also for low-level applications. 


_ 0.050 ohm maximum. 
_ £500,000 operations minimum at 2 amps; 


100,000 operations minimum at 3 amps. 


Hermetically sealed, filled with dry nitrogen 
at 1 atmosphere pressure. 


All popular mounting arrangements available. 


Printed circuit; solder; plug-in (matching 


socket available). Variations of printed-circuit 
terminal length on 4/10-inch grid spacing 
available. 


17 grams. 


MIL-R-25018; MIL-R-5757C, except as to con- 
tact overload. 


re) 


icago 


Designers of printed circuit 
layouts will note terminal 
arrangementis nicely suited 
to 1/10 inch grid spacing. 


ae ae = - 
te wi r < 
Peppy 
y oD 


Contacts, rated at 3 amperes. 
are proven also for low-ener- 
gy level circuit applications. 


All popular mounting ar- 
rangements are available. 





fC MAREN RIE MAYS 


FIRST in the industrial field 


5,000,000 CYCLE LIFE! 


Palladium alloy contact 
Torque spring 
insulation bushing 
Jewel pivot 


balance "* 


precision potentiometers 


Incidentally, we 
know these are hot 
pots mechanically 
... but they‘re also 
hot for temperca- 
ture, too. Power 
derates to zero at 
165°C standard — 
225°C special. 


* Patent Pending 


Long life is achieved by minimizing wear. 
Wear results from pressures or forces between 
contact assembly and winding. Total force 
consists of a dynamic force due to 
vibration, acceleration and shock; an inertial 
force acting on the contact 
assembly; and a static force resulting from 
contact pressure. For proper operation, contact 
force must exceed the vector sum of the 
dynamic forces 


The Kintronic contact assembly is dynamically 
balanced about a pivot <> and 


therefore vibration, acceleration and shock 
forces cancel out. Inertial force on the contact 
assembly is minimized by making its mass 
and size small as possible. Reduction of these 
dynamic forces enable use of very low 

contact pressure. 

Operational Results: total wear producing 
force is extremely small. 5,000,000 cycle life is 
achieved at maximum speeds of 3,425 r.p.m., 
under 2,000 cycle 30g vibration! 


Get complete engineering data on Kintronic 
““Dynamic Balance” precision potentiometers. Write today. 


Division of 
Chicago Aerial Industries, Inc. 


Kintronic 


10265 Franklin Avenue ¢ Franklin Park, Illinois 
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| VARIABLE TRANSFORMERS 
| model in a 


TION TESTING LABORATORY 
| onmental and qualifications testing bro- 
| chure illustrates and describes facilities, 


| and 


| COATING RESINS 


| trated brochure 


deal 


high peel-strength values. Rubber & 
Asbestos Corp. 
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The first 
line of “V.T.” variable 
transformers is described in Bulletin 
151. VTIR5, this 1.5 amp 
model incorporates features which are 
said to make this design the 
advanced in industry. 


Designed 


most 
Pertinent per- 
formance data is presented, such as 
voltage regulation and derating curves. 
Ohmite Manufacturing Co. 
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ENVIRONMENTAL AND QUALIFICA- 
Envir- 


equipment and instrumentation used for 
testing electronic and electrical com- 
ponents for missile, rocket and aircraft 
applications. These testing laboratories 
are available to general industry for 
reliability Networks 
Electronic Corp. 
Circle No. 636, Reader Inquiry Service Cards 
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component tests. 


VACUUM METALLIZING 
of depositing a thin metallic film by 
evaporation 


The process 


under 
fully de- 


scribed and many of its applications 


and condensation 


high vacuum conditions is 
a brochure entitled 
Metallizing.” The brochure 


also contains specifications for all the 


are illustrated in 
“Vacuum 


current models of vacuum metallizing 
equipment. Vacuum Equipment Div., 
F. J. Stokes Corp. 
Circle No. 637, Reader Inquiry Service Cards 
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SELF-LOCKING SOCKET SCREWS—\Mi- 
crosize Unbrako socket-head cap and 
set screws with Nylok self-locking fea- 
ture are the subject of a 4-page illus- 


| trated bulletin. The bulletin describes 
| how the Nylok insert presses against 


the mating thread of a tapped hole or 
nut to caused by 


shock and vibration. Full specifications 


prevent loosening 
ordering information are 
Standard Pressed Steel Co. 
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given. 


A 24-page _illus- 


lists the current line 


| of coating resins utilized in the manu- 


facture of numerous protective and 


| decorative coatings and for specialty 
coating applications. Description, per- 


formance characteristics and test data 
with oil-modified alkyd coating 

rosin and_ phenolic-modified 
alkyds and alkyd co-polymers. Detailed 
data is also included on urea and 
melamine coating resins, _ silicone- 


resins, 


ELECTRICAL MANUFACTURING 





It’s service you're after. . 


call a Hoover Man 


If you want the kind of service fea- place if you come to Hoover. We’ve 


tured in this cartoon, we aren’t mak- been satisfying the die-casting de- 
ing any promises. But if you want mands of many different industries for 
service in quality aluminum and zinc 35 years. Let one of our Sales Engineers 


alloy castings, you'll come to the right __ tell you about us. Why not today? 


© 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 
In Canada—Hamilton, Ontario 


DIE CASTING » HOOVER 
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“lle 
TIMER RELAY 
that handles all 


controlled timing 


% No false contacts 

% Non sticking 

% Practically "fail safe” 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 


normally open or normally closed 
action, 


COIL 
ENERGIZED 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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[VECO] the BIG name in 


THERMISTORS - 


VARISTORS 


For reliability, stability, dependable delivery and experienced en- 


gineering know-how, consult VECO, 


facturer of thermistors and varistors. 
development and precision control, V 


teed for 

MANUFACTURERS OF life. At 
VECO improve 
Thermistors and varistors 


Compactrol (electronic 
controls) (Pat. Applied for 


thermistors) (Pat. Applied for 
Gas Analysis and 
chromatography cells 
Combustion Analyzers 
Temperature Sensing Devices 
Constant Temperature Baths 
and Controls 


data and 
fications 


Descriptive literature cover 
ing each item available on 
request 


the most progressive manu- 
Through constant research, 
ECO’s products are guaran- 
peak performance and long 


all times, VECO strives to 


its product for the benefit 


of its customers. 


NEW TECHNICAL CATALOG AVAILABLE 
Tap-A-Therm (Multi-tapped 8th edition 


containing pertinent 
condensed engineering speci- 
covering over 250 VECO 


stock items. 


Send for the interesting, informative series 
entitled, “MEET THE VECO THERMISTOR” 


Victory 


ENGINEERING CORPORATION 
109 Springfield Road, Union, N. J. 


Telephone: MUrdock 8-7150 


NOW AVAILABLE! 


\ VECO Bead Thermistors 
Operative to —196°C 
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alkyds, modified phenolic resins, maleic 
resins, ester gums and pure phenolic 
resins. Barrett Div., Allied Chemical & 
Dye Corp. 
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LARGE INDUCTION MOTORS—Sixteen- 
page bulletin No. 1950 on large induc- 
tion motors presents detailed informa- 
tion on a full line of motors in ratings 
from 150 to 1250 hp. Cutaway drawings 
and illustrations show the protection 
offered by the open drip-proof, splash- 
proof, enclosed and _ explosion-proof 
enclosures in which these motors are 
built. Construction features emphasized 
are reliable bearing design and insula- 
tion. The Louis Allis Co. 
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LABORATORY ELECTRONIC EQUIP- 
MENT—Meter calibrators, voltage reg- 
ulators, digital readout meters, d-c 
power supplies and other electronic 
equipment for laboratory or production 
use are described in this 8-page illus- 
trated catalog. The catalog gives com- 
plete information and operating data 
for all models. Davenport Manufactur- 
ing Co. 
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NICKEL CADMIUM BATTERIES—Fight- 
page illustrated bulletin describes the 
performance specifications, peak dis- 
charge currents and construction char- 
acteristics of the new battery line. 
Known as the VO-Series for general 
purpose use, the rechargeable line in- 
cludes batteries with nominal voltages 
in multiples of 1.2 volts with rated 
capacities from 0.1 to 160 amp hr. 
Gulton Industries, Inc. 
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DIGITAL COMPUTER-—Illustrated bul- 
letin on the G-15 general-purpose digi- 
tal computer features a full description 
of the simplified programming of this 
machine. Engineers can be taught cod- 
ing techniques within 2 to 4 hr. Speci- 
fications, accessory equipment and ap- 
plications are also described. Bendix 
Computer Div. of Bendix Aviation Corp. 
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COMBINED CALENDAR, WIRE AND 
CABLE INFORMATION—In addition to 
12 monthly calendars on which to re- 
cord appointments and memoranda, 
this handy 7 x 9 in. desk calendar also 
includes tables containing the follow- 
ing: current carrying capacities of 
wires, cables and cords; number of 
conductors in conduit or tubing; full- 
load current-motor load tables; conduit 
data; and properties of copper con- 
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NEW BRASS 
UTS POLISHING COST 


also gives you clean, easy drawing and forming, plus 
higher physical properties — Formbrite,” Superfine-Grain 
Drawing Brass by Anaconda 


AIRGUIDE Instrument Co., Chicago, gets high luster finish on bezels for its famous BAROMETER in Chippendale style, 
weather instruments at 50% lower cost since it switched from ordinary drawing brass “Mayfair,” is one of the broad line of 
to Formbrite. Airguide does the presswork—says Formbrite “draws and forms excel- brass-trimmed instruments made for 


lently.” Driscoll & Co. (above ) polishes the beze ls. home and marine use by Airguide. 


Mar oes 


FISHING LURES made by Williams Gold Refining Co., Inc.— MARSH _ Instrument Co., Skokie, Ill., dropped a finishing opera- 

“Wabler,” top and “W eedler,” below—are polished for plating tion and gets a “mirror finish” with a light buff, by using Form- 
by tumbling. Switching from ordinary yellow brass to Form- _ brite. Marsh reports that finishing cost was cut 40% and that 
brite cut costs more than 40%. forming is “excellent.” 


Wherever finishing is an important cost factor in FORM BRITE 

formed or drawn products, Formbrite in sheet and 

strip is designed to save you money. In brass wire SUPERFINE-GRAIN DRAWING BRASS 
alloys for cold- heading and upsetting, it gives a 
stronger, springier, more abrasion-resistant product. oe ® 
For more detailed information, write for Publication 

B-39. Address: The American Brass Company, Water- ANACON DA 
bury 20, Conn. In Canada: Anaconda American Brass 

Ltd., New Toronto, Ont. 


5843 Made by The American Brass Company 
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BEARING DESIGN 
and APPLICATION 


The inauguration of Bunting’s new facility for engineering 
and manufacturing bearings and parts of Sintered Powdered 
Metals opens a wide new area of opportunity to all 


mechanical industry. 


Sintered Powdered Metal Bearings and parts offer real 
economies in design. Bunting Engineering and 
manufacturing skill and traditional 

technical responsibility assure your 

most advantageous use of 


this material. 


A competent group of Bunting 

Sales Engineers in the field and a 
soundly established Product Engineering 
Department put at your command, 
comprehensive data and facts 

based on wide experience 

in the designing and use of both 

Cast Bronze and Sintered Powdered 


Metal Bearings and parts. 


Write for catalogs and your 
copy of the new 24 page Bunting 
Engineering handbook of 

Sintered Powdered products 
and their composition, 
manufacture and 
application. 


| e 
BUNRTING. 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 
The Bunting Brass and Bronze Company + Toledo 1, Ohio + Branches in Principal Cities 
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ductors. Hatfield Wire-and Cable Div., 
Continental Copper & Steel Industries, 
Ine. 


Circle No. 644, Reader Inquiry Service Cards 
on page 17 


MAKING STAINLESS FROM PLAIN 
CARBON SHEET—Four-page illustrated 
bulletin entitled “Diffusion Process 
Makes Plain Carbon Sheet Stainless” 
describes the firm’s Chromalloy-Stain- 
less sheet steel. Characteristics, costs, 
operating temperatures and workability 
features of the sheet are included. 
Chromalloy Corp. 


Circle No. 645, Reader Inquiry Service Cards 
on page 17 


TRANSFORMERS, COILS, CHOKES —Cat- 
alog No. 5811 contains technical and 
non-technical cross-references and _il- 
lustrations listing more than 900 items 
in the complete line. The catalog con- 
tains 6 sections devoted to horizontal 
output flybacks; power transformers; 
chokes; i-f transformers and coils: 
yokes, audio transformers and r-f trans- 
formers; coils and chokes. Merit Coil 
and Transformer Corp. 


Circle No. 646, Reader Inquiry Service Cards 
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GUIDE TO SILICONES—The 1958 Guide 
to Silicones describes and _ illustrates 
many ways in which to cut production 
costs, simplify designs, improve per- 
formance and add new sales appeal to 
products. Dow Corning Corp. 


Circle No. 647, Reader Inquiry Service Cards 
on page 


ELECTRIC BRAKE APPLICATION 
Eight-page bulletin GET-2770 provides 
detailed technical data on the applica- 
tion of a complete line of a-c and d-c 
brakes. Applications, performance, op- 
eration and characteristics of solenoid- 
operated, Thrustor-operated and mag- 
net-operated brakes are discussed. In 
addition, 16 performance curves are 
included. General Electric Co. 


Circle No. 648, Reader Inquiry Service Cards 
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SHEATH CONNECTORS Line of one- 
piece and two-piece compression sheath 
connectors for shielded or coaxial cable 
is described is 16-page catalog YEC-7. 
Included are complete listings, dimen- 
sional drawings, assembly procedures, 
tooling information and related prod- 
ucts. Burndy Corp. 


Circle No. 649, Reader Inquiry Service Cards 
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CONTROL SYSTEM FOR USE WITH 
MAGNETIC AMPLIFIERS—Data sheets 
ND46-33 (107), NU9(3) and insert fold- 
er ND4(7a) contain information about 
a current-adjusting type control system 
for use with magnetic amplifiers and 
saturable core reactors. These illus- 
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Where can you use this new idea in 


Dipping Resins? 


A new product for quick, reliable, 
and economical encapsulation of 
electrical components by dipping: 
“SCOTCHCAST” Resin No. 253... 


Now you can get all the time-tested 
sure-protection benefits of epoxy 
resin encapsulation, combined with 
all the time-saving cost-cutting bene- 
fits of dip coating! “ScoTCHCAsT”’ 
Resin No. 253 lets you use conven- 
tional dipping and heat-curing meth- 
ods—either automatic-conveyor or 
hand—to get a uniformly thick, 
mechanically tough, thermosetting 
encapsulation. This resin, though 
new, has already enabled one major 
manufacturer to meet the exacting 
MIL-T-27A transformer specification. 


FACTS ABOUT “SCOTCHCAST” 
NO. 253 
This new dipping epoxy offers several 
important production advantages: 

1. Long pot life—2-4 days at 
room temperature. 

2. 100% solids resin; thermo- 
setting with a normal bake 
cycle. 

. A “thixotropic” material .. . 
no run-off or drip during 
curing. 


Miiwnesora Jfinine ano Jfanuracturine COMPANY /@ 


e+» WHERE RESEARCH IS THE KEY TO TOMORROW WR 
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TRANSFORMER MEETING MIL-T-27A SPECIFICATIONS is shown above. This was impreg- 
nated using ““ScoTCHCAsT”’ Resin #241 and then dip-coated using new “ScoTCHCAST”’ 
Resin No, 253. There is no limit to the sizes or shapes of components that can be dip 
encapsulated with this heat-curing resin material. 


4. Coating thickness can be con- 
trolled. 

5. Coating is flexible . . . has ex- 
cellent mechanical and ther- 
mal shock characteristics. 

. Is compatible with other 
““SCOTCHCAST”’ flexible resins. 


(NOTE: For special high heat applications, 
new “‘SCOTCHCAST”’ Dipping Resin No. 252 


meets or exceeds Class H requirements.) 


RESIN WRAP 


The bobbin wound solenoid coils 
shown have been ‘‘wrapped”’ 
with a continuous film of 
*““SCOTCHCAST’’ Brand Resin 
#253 by an extrusion process. 


For this “resin wrap’’ and other 
special applications, equipment 
can be designed to provide the 
maximum in handling and oper- 
ating efficiency. 


USES FOR NO. 253 


Among the encapsulating uses for 
which new “‘SCOTCHCAST’”’ Resin No. 
253 has been used are: 


Transformers 
Solenoid Coils 

Motor field coils 
Printed circuits 
Capacitors 

Electronic components 


#253 can be used for specialized ap- 
plications of brush, spray or extruded 
coatings. 


WHAT IS YOUR 
ENCAPSULATING PROBLEM? 


There may be a real opportunity for 
you to solve it with new “ScoTcH- 
cast” Resin No. 253. We'll be glad 
to send complete technical data upon 
request. Or, we can provide one of 
our trained field engineers to work 
with you in testing the resin. No cost 
or obligation involved; just write on 
your letterhead to: 3M Co., 900 Bush 
Ave., St. Paul 6, Minn., Dept. 1V-48. 


“SCOTCHCAST”’ is a registered trademark of 3M Co., St. Paul 6, Minn. 
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| trated sheets describe how this system 
iH un C as 0 A) ani ¢ H Precision Switches will continuously regulate power input 


to a variety of electric furnaces—either 


continuous or batch. Leeds & Northrup 
i Co. 
be vl e We Sealed Within ; 


Circle No. 650, Reader Inquiry Service Cards 
Nylon Enclosure on page 17 

HONEYWELL : 

MERCURY 


Shock-Proof BELT DRIVES—The “Timing” Belt 
Resistant to Drive catalog TB-58 marks the first 


SWITCH Oil and Water time information on all five basic “Tim- 


ing” belt pitches has been available 
in a single catalog. In addition to en- 
gineering information, the catalog cov- 
ers the following pitches: %, 34, 1, V/s 
and 114 in. Also included is informa- 


tion on selection, installation and use, 
indexed for quick location. Morse Chain 


a aa - 


Circle No. 651, Reader Inquiry Service Cards 
on page 17 
7TMP1-2 Actual Size 


Cut-away view showing switch embedded in syn- COAXIAL COMPONENTS—A 28-page 

ait meee . thetic rubber within catalog describes a line of coaxial com- 

the nylon enclosure. ponents, including attenuators, filters, 

terminations, power dividers, crystal 

mounts and stub tuners. A section has 

been devoted to a new line of minia- 

This NEW mercury switch is resistant to shock, turized coaxial components — designed 

vibration, water, alkalis and oils. Operates com- for airborne applications. Theory of 

pletely immersed Operates at temperatures of ee ee 
from —35° to +200°F. Rated 3 amps., 115 vac. . ey ; 


: specifications are included. Microlab. 
For complete details send for Data Sheet #144. Chedin ‘Stn AER: Menten fenater Seoden Cords 
on page 17 


Meets Demand for PLUG-IN LIMIT SWITCH Bulletin 20 
Small Load Circuits describes “Plug-in Limit,” a precision 
limit switch which can be replaced in 
only seconds. Complete description of 
AS417B aoe ae a 
pein the wit h, drawings and photograph 
are included. All five actuator types 
hi iH M s available are described. Dimensional 
This sma oneywell neers J Switch meets drawings, mounting information and 
the demand for small load circuits and applica- prices are covered. Micro Switch. 
tions where space is a factor. Serves in a range Cirqle No. 653, Reader Inquiry Service Cards 
from micro-volt milli-ampere up to 3 ampere oY 
circuits. Full details in Data Sheet $114. 


1.500 “ 


ELECTRONIC AND ELECTRO-MECHAN- 
Here is a General Purpose Mercury Switch ICAL FACILITIES —Facilities brochure 
is available for engineering, research, 
design and production of electronic 
and electro-mechanical products and 
assemblies. It gives a brief history of 
the company since its beginning and 
includes illustrated descriptions of fa- 
cilities from laboratory to final assem- 
bly and testing and examples of typical 
products. Gray Manufacturing Co., In- 
This is a medium size, general purpose mercury dustrial Div. 
switch for loads up to 10 amps., 115 vac. When- Circle No. 654, wv" Service Cards 
ever your requirements call for general advan- 
tages such as sealed contacts and low force tilt 
action, this is the switch for you. 


Ask for Catalog #90A. 


AS454A Actual Size 


BUILDING BLOCK LIGHTED PUSH- 

BUTTON SWITCHES—Data Sheet 143 
describes an all-new modular-mount 

series of lighted push-button switches 

M i Cc R 0 $ W { T C that bring simplicity and efficiency to 

A DIVISION OF MINNEAPOLIS HONEYWELL REGULATOR COMPANY ‘H) 
* FREEPORT, ILLINOIS oo 


control panels. Two built-in indicator 
lights per unit offer great flexibility of 


Fiut iw Precision Switthing indication. Included are photos of 


typical applications, dimensional draw- 
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PUR! 


ELECTRICAL 


3s 
ey CONTACTS 


dependable since 1914 
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Tid: 


Answers to your problems, 
by people who have 
lite LL Ee 

PM CM te 


who take the interest. 


FANSTEEL aCe a 
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OTM Cle LLY 
KIRKWOOD 
COMMUTATORS 


Vem ee Ca 


ES durable STEEL 
CORE or economical 
MOLDED CORE commuta- 
tors are precision made 
for longer, efficient life. 
They fit right the first time. 
Kirkwood steel and mold- 
ed slip or collector rings 
meet the same standards 
of quality. You can depend 
on them to run true, elimi- 
Mohs R Illa die Rolle k-b cats) 
brush wear, safeguarding 
efficiency from source to 


load. 


Send us your prints for 
estimates on new commu- 
tator or slip ring designs 
for special applications. 
Kirkwood 
range from 
diameter. 


commutators 
fh eo hee 


hk 
* 
J 


. a 
“ans” 


KIRKWOOD 
COMMUTATOR CORP. 


4855 W. 130th St.. Clevcland 35, Ohio 








ings and electrical characteristics. Push- 
button colors and types are detailed. 
Micro Switch. 


Circle No. 655, Reader Inquiry Service Cards 
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CHEMICAL TREATMENTS OF METALS 

Eight-page brochure describes various 
chemical conversion coatings for steel, 
aluminum, galvanized iron, zinc and 
cadmium-plated surfaces; for corrosion 
resistance, paint bonding, drawing and 
forming and protection for friction sur- 
faces. Also included are current speci- 
fication chemicals for the Government 
and its contractors. American Chemical 
Paint Co. 


Circle No. 656, Reader Inquiry Service Cards 
on page 17 


TERMINAL AND CONNECTOR ANNO- 
TATED DIRECTORY—Annotated direc- 
tory of its technical catalogs called 
“Selectalog” is a 20-page booklet which 
summarizes the information contained 
in AMP’s catalog series. The booklet 
also constitutes a digest of solderless 
termination techniques. By using it, 
the catalog 
which offers the information he seeks. 


AMP Inc. 


Circle No. 657, Reader Inquiry Service Cards 
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the engineer can _ select 


TRANSFORMERS AND FILTERS—Cata- 
log-folder covers the company’s new 
line of blocking oscillator pulse trans- 
formers, coupling transformers, pulse 
transformer sample kits and filters of 
all types. Included are operational data, 
test circuit diagrams, case styles and 
other data for custom-built or stock 
units. Electronic Components Div., ESC 
Corp. 


Circle No. 658, Reader Inquiry Service Cards 
on page 17 


ENGINEERING, TESTING, MANUFAC- 
TURING FACILITIES 


illustrated 


Twenty-one page 
brochure describes com- 
pany’s engineering testing and manu- 
facturing facilities for electronic equip- 
ment and components. Company manu- 
factures the smallest miniaturized com- 
ponents to the largest 
semblies. Daven Co. 


computer as- 
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WIRE AND CABLE—Thirty-page catalog 
contains illustrations and specifications 
of the company’s complete line of co- 
axial cables, community TV cables, air- 
craft wire and hook-up wire. Plastoid 
Corp. 


Circle No. 660, Reader Inquiry Service Cards 
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SUBMINIATURE MAGNETIC SHIELD- 
ING CAPSULES—Data Sheet 137 illus- 
trates and describes the tiny Co-Netic 
magnetic shielding capsules which vir- 


COMPLETE 
YOUR 
REFERENCE 
FILES on... 


Editorial Reprints . . . 
New Materials Information . . . 
Advertiser's Engineering Data 


New Liferature Available... . 
See Page 17 





Over 50,000 individual reprint 
requests for feature articles dur- 
ing the first six months of this 
year were supplied to readers, 
free of charge. This service was 
initiated to enable you to main- 
tain your own subject files on 
engineering problems via fea- 
ture articles, new literature, new 
materials and parts and adver- 
tiser’s engineering data that 
were a part of each issue. 


The most recent step, “In This 
Issue,” on page 6 and 7, is a 
brief description of each article 
in handy “file form,” allowing 
you to review each article to 
determine your degree of in- 
terest, and also build yor ref- 
erence file. 





Another new step was the place- 
ment of the Reader Inquiry 
Service on page 17 instead of 
next to the back cover so that 
it would be more accessible to 
you. Keys to all editorial and 
advertiser's engineering data in 
this issue are shown. 


These features now become a 
permanent part of the Reader 
Inquiry Service. We hope you 
like it and find greater use for it. 


READER INQUIRY SERVICE 
NOW ON 
PAGE 17 
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Tempered alloy steel 
spring absorbs vibration 
—holds assembly in 


two-way ho : : ; ; 2 < . jem — 
mounting greatly r | 


self-destruction ‘in _ 
solenoids. 


The greatest cause of solenoid failure is the impact 
on the solenoid structure of the unspent stroke force. 


Decco recognized this problem years ago and engi- 
neered effective, two-way recoil material into the 
basic design. Decco’s patented shock mounting is 
well known in industry. It is responsible, along 
with quality construction, for Decco Solenoid’s sub- 
stantially greater service life and a substantial sav- 


ing of down-time and dollars to their users. 
Special shock-absorbing 
Decco engineers will be happy to discuss your compound Suunpeve 


cushion stroke—greatly 
solenoid requirements without obligation. Special improve the service-life 


solenoids engineered to your needs. of the solenoid. 


FOR COMPLETE INFORMATION ON ALL DECCO INDUSTRIAL SOLENOIDS + WRITE: 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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| tually eliminate hum and noise caused 
by low-level electro-magnetic and elec- 
trostatic fields in subminiature reactors 
| or transformers. Magnetic Shield Div., 


Perfection Mica Co. 
Circle No. 661, Reader Inquiry Service Cards 


Precision High Production - 


VARIABLE SPEED DRIVES—Fight-page 


| brochure describes a complete line of 
variable speed drives and _ illustrates 

several Speed-Trol Motor applications. 

a Many design advantages are described 


and illustrated. Sterling Electric Mo- 
tors, Inc. 


CLEVELAND TOOL and DIE COMPANY SOLVES Gein. O68. Renter Reaaley Qeevies Carts 
YOUR PROBLEMS and meets your most exacting tool 


and die requirements. Cleveland Tool and Die Company MOLDED AND LAMINATED PLASTICS 
has built individual dies which have produced millions of \ 12-page illustrated booklet gives 
precision tolerance pieces without retooling. SEND FOR —— of “a = oo 
THIS FREE BROCHURE DESCRIBING OUR FACILITIES. ee co ee 
industrial gears, bearings, aviation ca- 

| ble guards, timing cams and aircraft 

pulleys. Also shown are production 

scenes where both molded and lam- 

inated plastics are made. Steps in the 

| manufacture of both types of plastics 

are traced. The Richardson Co. 


Circle No. 663, Reader Inquiry Service Cards 
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TRANSISTORIZED DIGITAL CIRCUITS 
First issue of Pulse Techniques news- 
letter about new applications for trans- 


FREE Brochure istorized digital circuits describes basic 


shift register operation and covers sev- 
Describes facilities avail- eral applications of shift registers as 
able. Send for your free pulse pattern and pulse burst genera- 
copy today. No obligation, tors. Future topics will include mag- 
of course. netic core testing, binary and decimal 
counter logic, arithmetic operations and 
magnetic tape and drum recording sys- 
Typical lamination die custom made tems. Navigation Computer Corp. 
at Cleveland Tool and Die Company. Circle No. 664, Reader Inquiry Service Cards 
Dies like this, dies for powder metal- on page 17 
lurgy and other special purpose dies 
are made by skilled craftsmen using ; 
the most modern techniques and ELECTRONIC MILL REGULATOR—-Six- 
facilities. | page bulletin K-2503 describes the 
| dual-circuit VSMR mill regulator. The 


; | fail-safe electronic regulator unit pro- 
Here are just a few of the parts motor and vides precise regulation of line speed, 


appliance manufacturers from all over the | voltage and tension for all continuous- 
country have made on lamination dies | process industries. Photos, drawings 
produced by Cleveland Tool and Die Co. | and copy discuss features and explain 

| how, in the event of tube failure in 


one half of the panel, the other half 
CLIP and MAIL THIS COUPON TODAY instantly carries the entire load. Reli- 


| ance Electric and Engineering Co. 
CLEVELAND TOOL and DIE Co | Circle No. 665, Reader Inquiry Service Cards 
. on page 17 

1620 EDDY ROAD « CLEVELAND 12, OHIO 


Please send me the free brochure describing the facilities of | ELECTRICAL TAPES AND EPOXY RES- 
CLEVELAND TOOL & DIE COMPANY. | INS—Application information and spe- 
cifications for a line of pressure-sensi- 

Name . tive electrical tapes and epoxy resins 
| for electrical insulations are listed in 
| a 32-page guide book and catalog. The 
ee ¥ , Bo Deri catalog contains physical and electrical 
| properties, suggested applications and 

| application procedures for the complete 

| line of “Scotch” brand electrical tapes 


Company 


ee ee 


> 
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ANNOUNCING... 


2 new Porous Ceramic Bodies 


for an unlimited variety of applications 


Star does it again! 


Here’s the answer to a widespread engineering need for not one... 
but TWO really new and different porous ceramic bodies which permit 
a wide latitude of material application. 


Developed and laboratory-tested under critical quality control methods 
and job-proved in the field, these “first time’’ porous ceramic bodies 
are ready to go to work for you now: 


VAPORLAIN 


This special Star body is an extremely porous material, used for 
applications where it is necessary to retain moisture for gradual release, 
such as in deodorizers, air conditioning equipment, humidifiers, etc. 

It is made from a special clay that is highly porous yet strong enough 
to retain its molded shape. Vaporlain is available unglazed or glazed 

in a wide selection of colors. 


Thermal expansion coefficient 25°-700° C.: 6.9 x 10° 
Bulk specific gravity 1.24 
Water absorption 40.0% 


+7023 CAPILLARY BODY 


An unusual ceramic composition having low thermal expansion 
and a uniform distribution of relatively large pores. Designed for rapid 
filtering of either gases or liquids to remove solid or liquid macro particles, 
it presents a strong “‘pull’’ or capillary effect upon liquids which come 
in contact with, and wet it. 

Thermal expansion coefficient 25°-700° C.: 2.98 x 10% 

Bulk specific gravity -75 
Water absorption 92.5% 


For Complete Details... Additional details on these new Star 
porous bodies are available upon request. Write today for Catalog 57 
and allied engineering data. No obligation, of course. 


the Wee re 


porcelain company 
34 Muirhead Avenue, Trenton 9, N.J. 


California Representative: Edwin E. Starr, 4101 Rhodes Ave., North Hollywood, Calif., STanley 7-5879 
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VICTOREEN 
ULTRA-STABLE 
FILM TYPE 


RESISTORS 


Who ever heard of boiling 
water with resistors? Though 
they’re obviously not designed 
forthis purpose, Victoreenultra- 
stable film type resistors can do 
it. What’s more they stand up 
under this abuse. 

The “‘boiling water test’’ does 


MODEL RX-4 


prove conclusively the high 
power ... high humidity resist- 
ance . . . stable operation in 
high ambients—of Victoreen 
resistors. And you get all these 
desirable qualities in Victoreen 
precision resistors—Victoreen 


models RX-4 and RX-5. 


MODEL RX-5 


Resistance 200 ohms to 50 megohms 200 ohms to 200 megohms 


Tolerance 1,2, 5, 10% 
Size -413 dia. x 2” long 
Power 5W at 150°C 

3W at 225°C 


1, 2, 5, 10% 

413 dia. x 3%” long 
10W at 150°C 

5W at 250°C 


Stability—+ 4%, for 1000 hours guaranteed life at rated power 


If you have an application requiring precision resistors for opera- 
tion at high power with high stability in severe ambients, it will 
pay you to check with Victoreen first. AA-7083 


The Victoreen Instrument Company 


Components Division 
5806 Hough Avenve ¢ Cleveland 3, Ohio 
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and “Scotchcast” brand epoxy resins. 
Minnesota Mining and Manufacturing 
Co. 
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STABILIZED AMPLIFIER —- Two-page 
bulletin USA-3 on universal stabilized 
amplifier Model USA-3 includes appli- 
cation diagrams, descriptions, specifica- 
tions and block and circuit diagrams. 
Photographs and outline drawings are 
also included. George A. Philbrick Re- 
searches, Inc. 


Circle No. 667, Reader Inquiry Service Cards 
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PRINTED CIRCUITRY—Brochure on 
printed circuitry, in file folder style, 
contains full descriptive data on ma- 
terials, specifications, design tolerances 
and application information. The pat- 
ented Narcus Process for plating holes 
is described. An enclosure bulletin on 
the Protomaka provides details on use 
of this equipment for production of 
printed circuits in a matter of minutes. 
Printed Electronics Corp. 


Circle No. 668, Reader Inquiry Service Cards 
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NYLON PARTS—Nylon rollers, roller 
bearings, slide bearings and _ gears, 
available from open stock, are featured 
in new parts catalog #501. Featured, 
in addition to Nylon, are closures, spac- 
ers, bumpers, wire tips and bearings 
of high-density polyethylene, standard 
polyethylene and butyrate. Pipco In- 
ternational Corp. 


Circle No. 669, Reader Inquiry Service Cards 
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SUBMINIATURE PULSE TRANSFORMER 

Bulletin describes the Model ES-3 
subminiature pulse’ transformer. a 
spherical “form” encapsulated in epoxy 
resin to a maximum diameter of ° in. 
for simplified mounting on _ printed 
circuit boards. Included are an illustra- 
tion, characteristics and specifications. 
Pulse Engineering, Inc. 
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PLASTIC INJECTION MOLDING MA- 
CHINE—Illustrated bulletin describes 
high speed automatic plastic injection 
horizontal molding machines in 2 oz. 
and 4 oz. capacities and the Model 11 
Duplimatie 3 oz. capacity for cord set 
and insert molding. Moslo Machinery 
Co. 


Circle No. 671, Reader Inquiry Service Cards 
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LOCK NUTS AND FASTENERS—Twenty- 
eight page catalog on complete line of 
lock nuts and fasteners includes prod- 
uct descriptions, illustrations, dimen- 
sions, screw tension pounds, materials, 
finishes, typical applications. The cata- 
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Intricate Allegheny Ludlum Steel Extrusions 


cut material needs up to 60%, slash machining costs 


Write for this 
technical book 
on A-L Steel Extrusions 
12-pages of design and en- 
gineering information on 
steel extrusions. Process 
and product explanation, 
material properties, design 
tips and limitations, toler- 
ances, order instructions, etc. 


Address Dept. EM-4 


APRIL 1958 


There’s no doubt about extruded shapes 
saving money on materials and on ma- 
chining. Non-ferrous applications in the 
last decade have proven it. 

Now even greater savings are possible 
with tough, strong metals in Allegheny 
Ludlum Hot Steel Extrusions. 

Extruded shapes in all stainless grades, 
tool steels, carbon steels, electrical steels, 
high temperature alloys ... even in zir- 
conium, nickel alloys ...are now in pro- 
duction at Allegheny Ludlum, cutting 
costs in many different industries. 

If you’re hogging out sections, paying 
for special mill rolls on small orders, or 


waiting for minimum rolling mill ton- 
nages, Allegheny Ludlum Steel Extru- 
sions afe your answer. They will save 
you scrap loss, slash your machining costs, 
hold down your inventory requirements 
and cut delivery time. Charge for die 
design is low—under $200. Orders taken 
for as little as 40 pounds. 

To learn more te the time and cost- 
cutting possibilities of Allegheny Ludlum 
Hot Steel Extrusions, send for the tech- 
nical booklet at the left or call any A-L 
office for technical assistance. 

Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 
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ALLEGHENY LUDLUM™M 


for all your special steel needs 


Stainless and high-temperature, electrical and tool steels, magnetic materials, and sintered carbide 
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A New Concept of TIME... 


INDUCTOR MOTOR 


400 CPS MOTOR 


this Complete 


ee 


<s -N EW Line of 


HAYDON* 


TIMING MOTORS 


Here is a complete line of timing motors that includes the right 

choice for every APPLICATION ... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac- 
curacy, quieter operation and longer life. 


HYSTERESIS . . . the ideal general-purpose motor. 


INDUCTOR .. . extra torque (30 ounce inches) for display and other 
heavy-duty jobs. 


CLUTCH ... allows automatic re-setting without external clutches. 


REVERSIBLE ...a hysteresis type with 2 coils, each producing 
opposite rotation. 


DIRECT CURRENT ... a permanent magnet type for 6 to 32 volts. 


400 CPS ... miniature and heavy-duty models for airborne instru- 
mentation. 


FOR COMPLETE INFORMATION, write today for new catalog .. . or 
contact the HAY DON Field Engineer nearest you. 


*Trademark Reg. U.S. Patent Office 


FAYDON 


Division of General Time Corporation 


2528 East Elm St., Torrington, Conn. 


HAYDON 


AT TORRINGTON 


HEADQUARTERS FOR 


TIMING 
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log gives details of design and locking 
principle, high-speed 
applicators, assembly 
The Palnut Co. 
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and 
data. 


wrenches 


and cost 


ROTARY SOLENOIDS—T welve-page bul- 
letin 1057-S covers 156 stock models 
of five LEDEX rotary solenoids. D-C 
torque charts of solenoid basic designs 
IE, 2E, 3E, 4E and 5S are included, 
along with line drawings of each stock 
model that may be used as exact as- 
(with standard tol- 
erances). G. H. Leland, Inc. 
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sembly drawings 


QUICK-OPENING FASTENERS —T wenty- 
four page catalog illustrates and de- 
scribes three separate lines of fasteners, 
called “Q-1,” “Q-2” and “Q-4.” Infor- 
mation on includes 
comprehensive installation in- 
structions, and where-to-use informa- 
tion. Fastex Div., Illinois Tool Works. 
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each dimensional 


data, 


CUSTOM MOLDING OF THERMOSET- 
TING PLASTICS—Facilities brochure 
outlines molding facilities and finishing 
plant, as well as including illustrations 
of the products in which the company 
specializes: electrical switchgear com- 
ponents, electronic and radio compon- 
ents, instrument housings and special 
applications moldings. Insulation Man- 
ufacturing Co. 
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TRANSISTOR SPECIFICATION CHART 

Revised transistor specification chart 
covers the p-n-p germanium alloy-junc- 
tion the company is 
producing. Chart also contains an in- 


transistors now 
terchangeability guide covering transis- 
tors of all manufacturers for computer 
and industrial applications. Industro 
Transistor Corp. 
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CORK CUSHIONS—Vibracork, a vibra- 
tion, shock and noise-controlling ma- 
terial, is discussed in Bulletin VC-501. 
The bulletin the granular 
structure of Vibracork and its millions 
of hermetically-sealed minute air cells 


describes 


capable of expanding or contracting 
in accordance with the applied load, 
thereby floating the machinery on a 


cushion of air. The Korfund Co., Inc. 
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DESIGNING WITH ALUMINUM—Book 
contains 25 separate pamphlets in the 
company’s Product Design series to aid 
i design how 


in showing engineers 
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AWG SIZES 


"A girl has to think about Magnet Wire 


and specifications and things....” 


**...1 mean, really! Maybe you think that’s of every one of these things. I mean, really! 
too deep for an average housewife like me. But Because I'd pick Roebling Magnet Wire. It’s 
let me ask you, who’s got the most to lose if always way higher than the NEMA Specifications. 
magnet wire doesn’t have the proper dielectric And if you think that’s not important to a girl...!” 
strength? Yours truly, that’s who! Who suffers Electrical Wire Division, John A. Roebling’s Sons 
if the temperature and abrasion resistance isn’t Corporation, Trenton 2, N. J. 
up there? Who but us, with all our appliances? 


oat : ROEBLING ¢) 
I just wish we housewives could pick the can 


: , Branch Offices in Principal Cities we, 
magnet wire that goes into the motors and coils Subsidiary of The Colorado Fuel and Iron Corporation 





MACLEAN. 
. Boas 


yives you product superiority 
and fast, low-cost assembly 
th the M°:F line of lock nuts 


7 - 


indard nuts in all sizes 


“olf the shelf” 


for faster application with 
consistent torque 


This all-metal, double chamfered, re-usable lock nut 
can be applied to bolt threads from either end. The 
center locking principle permits bolt end to be flush 
with top of nut. 


for high torque consistency 
in full and jam thickness 


This consistent-torque lock nut will withstand terrific 
vibration and shock loading; retains its locking ability 
for as many as 10 RE-applications. 


M*F UNI-TORQUE® LOCK NUT 


M-F PROJECTION WELD NUT MAQVM LO RCSUM SSCL} ] 


Solve production delays, cut manufacturing costs — 
fuse nut to the product in exact location. Engineered 
for assembly simplification. The welding of nuts to 
sub-assemblies permits the use of screws or bolts in 
the main assembly without the need for holding nuts 
from turning, cutting time and labor. 

Both types available with the patented M+ F Two- 
Way locking feature. Each type has three welding 
projections, eliminating rock and guaranteeing a 
uniform weld. 


the nut with the built-in 
lockwasher 


This free-spinning one-piece lock nut eliminates the 
need for supplemental locking devices such as lock- 
washers. Cuts purchasing and inventory costs. 


Pilot type 


Recessed 
type 


M:F SPIN LOCK NUT 


NAIA Zc 9 


for you 


for the asking 


The M+ F Products Catalog —valuable data on torque, bolt tension 


and dimensions as well as on other available products. 


MAC LEAN-FOGG Lock Nut Company 


5535 N. WOLCOTT STREET * CHICAGO 40, ILLINOIS 
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aluminum can save money and increase 
efficiency in a diversity of industrial 
applications. The pamphlets in this 
series appear regularly in design en- 
gineering publications and are intended 
to provide useful information about 
working with aluminum. Kaiser Alum- 
inum & Chemical Sales, Inc. 
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ULTRASONIC CLEANERS-—Line of high 
capacity ultrasonic cleaners, metal-fin- 
ishing and chemical process machines, 
the SonBlaster Series 600, are described 
in data sheet No. 600. Presented are 
details of the SonBlaster ultrasonic gen- 
erator Model G-601 and related Son- 
Blaster transducers. Included are pho- 
tographs and technical information on 
Models NT-601 to NT-609. which cover 
2 types of submersible transducers and 
7 different process tanks. Thirteen ul- 
trasonic systems are described. Narda 
Ultrasonics Corp. 
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CUSTOM TRANSFORMERS —Fight-page 
catalog entitled “Custom Transformers 
for Industry” describes a line of high- 
quality transformers and related prod- 
ucts, giving application data and fea- 
tures. Described are transformers for 
computers, for rectifier plate supplies, 
for control, for specialized test equip- 
ment and experimental work and satur- 
able reactors for control. Light Electric 
Co. 
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PLATINUM-CLAD METALS Bulletin 
PLA-5 on platinum-clad metals de- 
scribes how platinum clad as a single 
overlay, double clad. clad or edgelay, 
top-lay or inlay saves precious metal 
and improves mechanical strength, elec- 
trical and thermal conductivity. hard- 
ness or wear qualities, while retaining 
the surface properties of solid platinum. 
Some of the applications of platinum- 
clad metals are electrical contacts, slip 
rings, electrodes. anodes and cathodes. 
Metals & Controls Corp.. General Plate 
Div. 
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3-WAY DIAPHRAGM CONTROL 
VALVES——Four-page specification $5810- 
16 gives full details of construction on 
Series 800 3-way control valves. Covy- 
ered are both single and double-seated 
designs for mixing or diverting service. 
Included in the specification are sizes, 
materials, pressure ratings and cross- 
section drawings of body types. Minne- 
apolis-Honeywell Regulator Co., Valve 
Div. 
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qgiim TEFLON? 
FLUOROCARBON RESINS 


BS te 


Design of 3%-inch coax switch to handle 55 KW 
made possible by Du Pont TEFLON 


TV TRANSMITTER SWITCH handles hig 2owers with very low loss 
thanks to a machined layer of TFE-flu carbon resin. Reverse side 
f nnector plate shows axial re ¢ tions through layer 

of TFE resin S power from 
top input ine i 2e OL S aph of properties shows 
why dielectr j 

tures. Switch isr e by Thompson Product 


Cleveland, Ohio; and distributed by Andrew Corp., Chicago, III 


DIELECTRIC CONSTANT 
AND 


DISSIPATION FACTOR vs. TEMPERATURE 
OF 
- TFE-fluorocarbon resins 


ae 


DIELECTRIC CONSTANT 


re) 60 120 200 
TEMPERATURE, °C 
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TFE-fluorocarbon resins 


When increased power allocations by the FCC 
resulted in the need for a switch to handle greater 
powers and higher frequencies, engineers of 
Thompson Products, Inc., were faced with a major 
redesign problem. It looked as though the higher 
requirements would make their new multi-posi- 
tion switch for 344” rigid coaxial line obsolete. 
Needed were models that could handle 55,000 
watts of average RF power and could cover the 
full UHF band to 1000 megacycles. The problem 
was solved by changing to a TFE-fluorocarbon 
resin for the dielectric. 


Both electrical and mechanical properties of 
TFE resins proved important in this design. The 
resin is used to make sheet dielectric for backing 
the grounded connector plate and a strong shaft 
for turning the switching bar. One of the biggest 
problems—impact cracking—was entirely elimi- 
nated. In addition to their unique UHF proper- 
ties, TFE resins have a Class H temperature rating. 
260°C. continuous rating permits increased oper- 
ating temperatures in the switch. The extremely 
low dielectric constant of TFE resins is a natural 
for this microwave design. TFE resins have a mini- 
mum dissipation factor, unexcelled by any other 
solid. Characteristic curves for these electrical fac- 
tors show that they remain flat with regard to both 
temperature (see graph) and frequency (60 cps to 
3000 mc). 


This remotely controlled, motor-operated switch 
is another example of the use of Du Pont TFE 
resins to assure RELIABILITY and SAFETY in elec- 
tronic operations. We will be glad to send you 
information covering design data and applications 
of these outstanding dielectric materials. 

Write to: E. I. du Pont de Nemours & Co. (Inc.), 
Polychemicals Dept., Room 144, Du Pont Build- 
ing, Wilmington 98, Delaware. 


In Canada: Du Pont Company of Canada (1956) 
Limited, P.O. Box 660, Montreal, Quebec. 
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TEFLON‘ 
is a registered trademark... 


TEFLON is Du Pont’s registered trademark for 
its fluorocarbon resins, including the TFE (tetra- 
fluoroethylene) resins discussed herein. 





you can wind your filter coils 
WITHOUT CORE ADJUSTMENTS 


* pre-adjusted 


filter cores 


@ guaranteed effective permeabilities within =3%, =2% 
or +1% of specifications, instead of the usual 10% to 
50% spread 


@ measured, adjusted and grouped for magnetic charac- 
teristics at the factory 


@ a complete line of pot-type ferrite cores from 5%” to 134” 
diameter, with bobbins and hardware for each size 


@ available in quantity to manufacturers of communica- 
tions, telemetering and computer equipment 


There's Nothing Else 
Even Remotely Like These 
Pre-Adjusted Potcores 


by 


Write for literature describing standard sizes available from stock, exact 
permeability values, and number of turns required for any given inductance. 


FERROXCUBE CORPORATION OF AMERICA 
50 East Bridge Street, Saugerties, New York 


Ce QGiiZ/ Go Ge 


Manufacturers of ferrite cores for recording heads, magnetic memories, TV flyback transformers, 
pulse transformers, filters, inductors, high frequency shields and power transformers. 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELectTrRicAL MANUFACTURING 
as your source, 


PERMANENT MAGNET HANDBOOK 
Illustrated with photographs, charts, 
and diagrams, the handbook is divided 
into 12 color-coded sections for easy 
reference. It covers 380 pages in its 
present form, and is bound loose-leaf 
style so that it can be kept up to date 
as supplemental or revised data in the 
permanent magnet art become avail- 
able. 

The handbook includes sections on 
Permanent Magnet Design. Permanent 
Magnet Measurements. Theory of Fer- 
romagnetism, Magnetization and De- 
magnetization and. in the interest of 
completeness, Electromagnetic Theory. 
Further, it not only covers magnet 
products manufactured by the company, 
but also important wrought. cast, or 
sintered permanent magnet materials 
whether or not they are commercially 
available. The 125-page Specifications 
and Data Section presents nominal mag- 
netic, physical and mechanical data, 
as well as demagnetization curves, en- 
ergy product values and other informa- 
tion for all important permanent mag- 
net materials. 

As new material becomes available, 
it will be mailed direct to purchasers 
of the handbook. There is no charge 
for the latter service. but each copy of 
the Permanent Magnet Handbook costs 
$10.00. Purchase orders should be made 
payable to Crucible Steel Co. of Amer- 
ica, P. O. Box 2518. Pittsburgh, Pa. 


Postcard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any product 
or service described. 
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Rollpin replaces 12 different fasteners 
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REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a step pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rollpin functions 
perfectly . . . cuts assembly 
costs. 





REPLACING A KEY... Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 
previous assemblies. 


REPLACING A RIVET SHAFT... . 
Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary . . . faster as- 
sembly. Note flush, clean fit. 













REPLACING A COTTER PIN... 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 





REPLACING A SET SCREW... . to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal. 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool. 






























REPLACING TAPER PINS . . . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 





























































































































REPLACING A HEADED PIN .. . in 
this hinge pin application, 
Rollpin is simply and inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con- 
stant spring tension holds 
Rollpin firmly in place... 
eliminates loosening of hinge 
due to wear. 
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REPLACING A HUB ONAGEAR... 
Rollpin, self-retained in shaft, 
is simply snapped into mold- 
ed slot to position sintered 
gear. This application, by an 
office equipment manufac- 
turer, effects major savings in 
assembly. Rollpin’s high shear 
strength is particularly valu- 
able here. 
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REPLACING A DOWEL PIN... 
Rollpin is used here to pre- 
vent rotation of a thrust bear- 
ing. No reaming, no special 
locking. Easily removed. 
Lowest possible dowel pin 
cost. 





REPLACING A BOLT AND NUT... 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require- 
ments. 
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REPLACING A RIVET. . . Rollpin 
serves as guide shaft for 
spring-loaded electrical inter- 
lock contacts: This electrical 
equipment manufacturer re- 
ports that rivet failure pre- 
viously occurred at the 
clinched end under normal 
operating impact and vibra- 
tion. 


WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 





= , 


Rolipin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 


of industry. 





Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA, 
2330 Vauxhall Road, Dept. R47-422, Union, New Jersey. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 


















We fabricate 
in more than 


different 
materials” 


GASKETS PACKINGS WASHERS 
SEALS SHIMS BUSHINGS “0” RINGS 


If it's a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work. 


Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. “0” 
Rings are a speciality with us. 


* Leather + Asbestos + Nylon + Vinyl + Teflon 
Silicone Rubber + Neoprene + Rubber + Cork 
Fibre +» Compositions + Phenolics + Cloth + Felt 
Paper + Cardboard + Plastics + Brass + Steel 
Copper + Aluminum + Kel-F 
Other Special Materials 
Send us your specifications or 
blueprints. You'll receive 


prompt quotations and recom- 
mendations without obligations. 


AUBURN 


MANUFACTURING COMPANY 
305 Stack St., Middletown, Conn. 


New York, N. Y.; Rochester, N Y.; 


Detroit, Mich.; Chicago, Il/.; Minneapolis, Minn.; Pittsburgh, 
Pa.; Cincinnati, Ohio; Ridgewood, N. J.; Atlanta, Ga.; Mem- 


phis, Tena.; St. Louis, Mo.; Camden, N. J.; Washington, D. C 
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Association Activities 


Westinghouse Executive Vice President 
Awarded Edison Gold Medal 

The 1957 Edison Gold Medal was pre- 
sented at the recent AIEE Winter Meet- 
ing to John K. Hodnette, executive vice 
president of Westinghouse Electric 
Corp. Mr. Hodnette was selected as 
the Medal winner for his significant 
contributions to the electrical industry 
through creative design and develop- 
ment of transformer apparatus which 
marked new advances in protection, per- 
formance and service. 

Mr. Hodnette, who was graduated 
from Alabama Polytechnic Institute in 
1922. has been with Westinghouse since 
then, serving in the East Pittsburgh 
and Sharon, Pa., plants. He was named 
engineering manager of the Transformer 
Division in 1940; division manager in 
1946; vice president in 1948; general 
manager, apparatus products, in 1949; 
general manager and a member of the 
Board of Directors in 1955 and execu- 
tive vice president early this year. 

Mr. Hodnette is the author of numer- 
ous technical papers and is a fellow 
of AIEE. One of his outstanding 
achievements was the development of a 
power distribution transformer com- 
pletely self-protected against lightning 
and electrical overloads. For this work, 
the National Association of Manufac- 
turers in 1940 named him “Modern 
Pioneer of the American Frontier of 
Industry.” He was awarded the West- 
inghouse Order of Merit. highest honor 
bestowed by the company, in 1939. 


IRE Appoints Officers for 1958 

The IRE Board of Directors, at a re- 
cent meeting, appointed six members 
to the Board for 1958. 

Reappointed as Treasurer of the IRE 
was W. R. G. Baker, vice president for 
Research of Syracuse Univ., Syracuse, 
N. Y., and former vice president of 
Electronics, General Electric Co.; Hara- 
den Pratt was appointed to his sixteenth 
term as IRE Secretary; John D. Ryder, 
Dean of Engineering, Michigan State 
Univ., East Lansing, Mich., was ap- 
pointed Editor of the IRE to succeed 
Donald G. Fink, director of research 
of the Philco Corp. 

Appointed as Directors were Alfred 
N. Goldsmith, consulting engineer and 
Editor Emeritus of the IRE; D. B. 
Sinclair, vice president of Engineering, 
General Radio Corp., Cambridge, 
Mass.: and Ernst Weber, president of 


the Polytechnic Institute of Brooklyn 
and president of Polytechnic Research 
and Development Co., Brooklyn, N. Y. 


Symposium on Electron Waveguides 
Presented by Microwave Research 
Institute of Polytechnic Institute 

of Brooklyn 


authorities 
on electronic waveguides are scheduled 
to participate in the eighth of a series 
of international symposia presented by 
the Microwave Research Institute of 
the Polytechnic Institute of Brooklyn 
on April 8, 9 and 10 in the auditorium 
of the Engineering Societies Bldg., 33 
West 39th St., New York City. 

The symposium will deal with the 
interaction of electromagnetic fields and 
electron or plasma beams in general 
waveguide regions. In the context of 
the symposium, waveguides will be un- 
derstood in a general sense of open or 
closed waveguide regions in which there 
exists the possibility of relative motion 
between an electromagnetic wave and 
a system of charged particles. 

The program is intended to permit 
research scientists to compare the wide- 
ly separated theories and techniques 
employed to describe wave phenomena 
encountered in the interaction of such 
fields. The symposium will endeavor 
to provide a tutorial review of the 
present state of research as well as a 
forum for engineers and physicists. 

The series of symposia is co-sponsored 
by the Air Force Office of Scientific 
Research, the Office of Naval Research 
and the U. S. Army Signal Engineering 
Laboratories, in cooperation with the 
Professional Group on Electron Devices 
and the Professional Group on Micro- 
wave Theory and Techniques of the 


IRE. 


Internationally recognized 


1958 Powder Metallurgy Meeting to 
Feature Improved Products and 
Techniques 


To meet the growing demand for de- 
tailed information on powder metal- 
lurgy parts, the Fourteenth Annual 
Meeting of the Metal Powder Associ- 
show, to be held at the Sheraton Hotel 
Powder Metallurgy Show which will 
be devoted to the latest developments 
in the field. In conjunction with the 
show, to be held at the Sheraton Hotel 
in Philadelphia, April 21-23, technical 
sessions at MPA’s Fourteenth Annual 

(Continued on page 283) 
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Avoid costly down-time caused 
by electrical control failure.... 


' 


GOLD-N-RING 
CONTROL SWITCHES 
Oil-tight, water-tight, dust-tight. 
Built with heavy duty silver alloy 
contact points, over-size terminal 
screws, superior dielectric materials. 
For full information ask for a free 

copy of Bulletin ECS-56. 
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Nothing is more frustrating to the production man 
than downtime caused by the failure of a minor 
component. An $85,000 machine tool down because 
of a failure of a limit switch can be as expensive 
as if it were caused by a main bearing burnout. 
National Acme’s electrical controls are designed 
by machine tool designers and built as machine 
tools are built. That means extra ruggedness, extra 
dependability but it does not mean extra cost. 


LIMIT SWITCHES 
A full line of heavy duty Limit Switches de- 
signed originally for machine tool installation 
but now used wherever extra dependability, 
extra ruggedness and long life are required. 
For full information ask for a free copy of 
our Bulletin EM-51. 


NAMCO SOLENOIDS 
A full line of standard and custom made Sole- 
noids for AC or DC use. Push or pull types with 
capacities up to 25 Ibs. Bulletin EM-52A provides 
information on the application, design and in- 
stallation of Solenoids. Write for your free copy 
today. 


Electrical Manufacturing Division 


tional Acme 


THE NATIONAL ACME COMPANY 


8 176 E. 131st St, @ Cleveland 8, Ohio. 
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IN DAWA = Miniature Hermetically 
Sealed Relays 
The reliability of this relay under 
RB M severe conditions of vibration and shock 
has been field-proven in many appli- 


cations. It is another example of how 
BHSM and BHSM HT TYPES a — may) R-B-M’s production maturity and 
~ i complete facilities can eliminate many 
of your engineering problems. 


Consult your local RBM Product Application Engineer or write for Bulletin BHSM-1. 


RBM Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Circle 279 on page 17 ELECTRICAL MANUFACTURING 





Calendar of Meetings 


Apr. 8-10—-Sixth National Conference 
on Electromagnetic Relays, Student 
Union Bldg. of Oklahoma State 
Univ., Stillwater, Okla. 


Apr. 14-15——Ninth Rubber and Plas- 
tics Conference, sponsored by the 
AIEE Rubber and Plastics Indus- 
tries, Sheraton Mayflower Hotel, 


Akron, Ohio. 


Apr. 14-16—First Joint Conference 
on Automatic Techniques sponsored 
by AIEE. ASME, IRE, Hotel Stat- 
ler, Detroit. Mich, 


Apr. 14-17—-Design Engineering Con- 
ference and Show, International 
Amphitheatre, Chicago, III. 


Apr. 17-18—2nd Annual Meeting, 
Institute of Environmental Engineers 
and the Equipment Conference of 
the Environmental Equipment Insti- 
tute, New Yorker Hotel, New York 
City. 


Apr. 18-19-—-Twelth Annual Spring 
Conference on Television and Tran 
sistors, Engineering Society of Cin- 
cinnati Bldg.. 1349 E. McMillan St., 
Cincinnati, Ohio, 


Apr. 21-23 Fourteenth Annual Meet- 
ing of the Metal Powder Association 
and 1958 Powder Metallurgy Show, 
Hotel Sheraton, Philadelphia, Pa. 


Meeting will cover new production 
techniques, as well as the most recent 
information on applications and prop- 
erties of powder metallurgy parts. 

Two new fields for metal powders 
will receive special attention at the 
technical sessions. Scheduled for the 
first time at any technical meeting, 
papers on metal powders in missile and 
rocket fuels and in corrosion-resistant 
surfacing will be given. 

Of special interest to engineers and 
designers will be exhibits featuring new 
applications of powder metallurgy parts 
in the nuclear and jet and rocket en- 
gine fields, as well as in the appliance, 
electrical and electronics industries. 
Exhibitors will also devote much space 
to powder metallurgy parts with spe- 
cial properties. such as greater strength 
and hardness, better lubricating quali- 
ties and closer tolerances. 


Joint AIEE, ASME, IRE Conference on 
Automatic Techniques to Offer Broad 
Array of Significant Papers 

Final details have been set for the 
technical program of the first Joint 
Conference on Automatic Techniques 
to be held at the Hotel Statler in De- 


APRIL 1958 


Apr. 22-24—Electronic Components 
Conference, Ambassador Hotel, Los 


Angeles, Calif. 


Apr. 27-May 1—Meeting of the Elec- 
trochemical Society, Hotel Statler, 


ie es 


Apr. 29-30—1958 Machine Tool Elec- 
trification Forum, Hotel Statler, 
Buffalo, N. Y. 


May 1-8—ASTE 26th Annual Meet- 
ing and Tool Show, Philadelphia 
Convention Center, Philadelphia, Pa. 


May 5-7-1958 National Symposium 
of the Professional Group on Micro 
wave Theory and Techniques, Stan- 
ford Univ., Stanford, Calif. 


May 14-16—Spring Meeting of the 
Society for Experimental Stress 
Analysis, Hotel Manger, Cleveland, 
Ohio. 


May 27-28—Second EIA Conference 
on Maintainability of Electronic 


Equipment, Univ. of Pennsylvania, 
Philadelphia, Pa. 


June 9-13—Fourth International 
Automation Exposition and Congress, 


New York Coliseum, N. Y. 


June 16-18—Second National Con- 
vention on Military Electronics, 
Sheraton-Park Hotel, Washington, 
DD. ¢& 


troit, April 14-16. According to W. R. 
Harris. program committee chairman, 
a total of 19 papers will be delivered 
during the three-day meeting. 

The scheduled papers fall into three 
categories: (1) automatic control and 
test techniques for flow process, manu- 
facturing and utility operations; (2) 
engineering, design and business data 
computation and processing; (3) utili- 
zation of control components. 


American Society of Heating and Air- 
Conditioning Engineers, American 
Society of Refrigerating Engineers 
Approve Study For Merger 

In a joint statement issued recently, the 
American Society of Heating and Air- 
Conditioning Engineers (ASHAE) and 
the American Society of Refrigerating 
Engineers (ASRE) have unanimously 
approved further study of a method for 
merging the two societies. 

The ASHAE and ASRE Councils 
have: also approved presenting the re- 
port to their membership through re- 
gional and sectional meetings during 
the Spring of 1958. 

Both societies, providing a subse- 


They can be your design assistants 
on other Essex Engineered Products. 


WIRE AND CABLE 


These “power full” lead, appliance, electronic, 
Sil-X 200°C and the Mil-W-76-A and Mil-W- 
16878 govt. spec. wires are standard—sove 
industry special engineering, source and de- 


livery problems. ao 
Wire and Cable Div., Ft. Wayne, Ind. Sy. 


CO/LEO CORDS-CORDSETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
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ities. Complete line of Coiled Cords 
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be built to withstand extreme environ- 


mental conditions. 
R-B-M Control Div., Logansport, ind. @ 
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quent committee report is approved by 
their councils in June, will present the 
method of merger to the members at- 
tending the 1958 summer meetings, and 
request approval to submit the proposi- 
tion for membership vote at the winter 
meetings of the two societies. 


New IRE Professional Group 
on R-F Interference 


IRE Professional Group on 
Radio Frequency Interference has been 
organized and is now in operation. The 
group's activities will include investiga- 
tions of the origin, effect, control and 
measurement of radio frequency inter- 
ference. 

Officers include H. R. Schwenk, 
Chairman; Leonard Milton, Vice Chair- 
man: A. R. Kall, Secretary; and J. P. 
McNaul, They 
nounced symposium on 
Radio Interference to be 
held in the near future. Transactions 
in the field of r-f interference, its prob- 
lems and solutions will be published 
by the group as a service to the elec- 
tronics industry as a whole. 


{ new 


Treasurer. 
plans for a 
Frequency 


have an- 


The officers of the group extend an 
invitation to all engineers presently en- 
gaged in this field who might wish to 
join. Contact the IRE. 1 East 79 St., 
New York 21, N. Y. 


Proceedings of the Eighth National 
Conference of ASA Published 
“Standards—Key to Progress and Prof- 
its,” proceedings of the Eighth National 
Conference held in San Francisco in 
November, 1957, has been published 
by the American Standards Association. 
Forty-four 


from govern- 
ment, science and industry interpret the 
crucial role which standards play in 
keeping the economy on an even keel. 

The proceedings contain 160 pages, 
44 papers and illustrations. Copies are 
available from Dept DD-6, American 
Standards Association, 70 East 45 St., 
New York 17, N. Y. at $4.00 a copy. 


authorities 


Speakers Selected for 1958 Electronic 
Components Conference 


Three luncheon and dinner speakers 
have been chosen for the 1958 Elec- 
tronic Components Conference to be 
held April 22, 23 and 24 at the Am- 
bassador Hotel in Los Angeles. 

Lt. General C. S. Irvine, U. S. Air 
Force Materiel Dept. will discuss the 
economic aspects of electronic compo- 
nent selection on April 24 J. M. 
Bridges, Director of Electronics for 
the Office of the Assistant Secretary 
of Defense, will speak on certain 
aspects of electronic component reli- 
ability and usage on April 22. 


Principal speaker at the conference 
dinner meeting April 23 will be Dr. 
\. M. Zarem, noted scientist, teacher, 
author and lecturer, who will speak 
on “Whither Away? ... Or... Wither 
Away!” Dr. Zarem, now president of 
Electro-Optical Inc., Pasa- 
dena, Calif., is widely known for his 
contributions to science in the fields 
of electronics and mathematics. His 
technical and semi-technical writings 
and lectures have ranged from his spe- 
cialties in physics and electrical engi- 
neering to his more recent papers in 
the field of atmospheric pollution, area 
development, the impact of technology 
and professional problems of engineers. 

Session chairmen for the Electronic 
Components Conference appointed to 


Systems, 


date include C. G. Killen, Sprague 
Electric Co.; W. H. Forster, Philco 
Corporation; K. F. McCready, North- 
rop Aircraft, Inc.; and C. E. Coon, 


Tung Sol Electric Co. 
Theme of the conference is “Reli- 
able Application of Component Parts.” 


H. Thomas Hallowell, jr., Reelected 
President of ASA 


H. Thomas Hallowell, Jr., president of 
the Standard Pressed Steel Co., Jenk- 
intown, Pa., has been re-elected presi- 
dent of the American Standards Asso- 
ciation for his third consecutive term. 

John R. Townsend, special assistant, 
Office of Assistant Secretary of Defense 
(Research and Engineering), was elect- 
ed vice president. He succeeds Van H. 
Leichliter, president, American Wire 
and Steel Div., U. S. Steel Corp. Mr. 
Townsend was a former director of 
Materials and Standards Engineering 
for Bell Telephone Laboratories and 
for Sandia Corp. 


World Zinc and Lead Industries to 
Launch All-Out Research Program 


World-wide zine and lead industry in- 
terests, together with the American zinc 
and lead industries, will embark on 
a broad program of expanded research 
activities aimed at the consolidation 
and expansion of existing markets and 
the discovery of new ones. 

As representative of the zine indus- 
try, the American Zinc Institute de- 
clared that extensive plans are now 
being formulated to sponsor and stimu- 
late both applied and fundamental re- 
search. According to John L. Kimber- 
ley. executive vice president, a staff to 
supervise the program expansion is 
now being formed and the next step 
will be the broad placement of zinc 
and lead research-development projects 
in research centers, universities and en- 
gineering schools. Foreign as well as 
domestic producers will help finance 
and supervise the program. 
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Tl DIFFUSION TRANSISTORS 


in a small package 


<b Ww @ 25° Cc 1 Wer @ 150° Cc 3 LEADS 0.017 (+ 0.002,—0.001) DIA 
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20 OHMS SATURATION (CTYP.) i, eNO - re 


a 


-65 to 200°C OPERATION C) 3 
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YOU get low, low saturation resistance... highest om (+ 0.010) ata 2a gees tbe aie a 
dissipation factor yet, at even higher temperatures 
from these newest TI gaseous diffused silicon units — 
all stabilized at 215°C! You can control your circuits 
closely with the 3 to 1 beta spread and exploit the CASE TEMP. = T, 

, es ° ° (INFINITE HEAT SINK) 

8 V BV... for harder driving switchers in your heavy SLOPE = 22.8 mw/°C 
duty applications. 





BVego (l_e = 250 nA) 
BVceo (Ic = 250 uA) 
BVcpo (Ic = 100 uA) 


MAXIMUM POWER DISSIPATION 


design characteristics @ 25° 


des. | | 
min. | cen. | max. | unit T, — TEMPERATURE — °C 


+ DISSIPATION VS. CASE TEMPERATURE 
Res (lg = 40 mA; Ic = 200 mA) |Ohm UNIT IN FREE AIR 
here (Vce=10V; Ic = 200 mA) (NO HEAT SINK) 

SLOPE = 4.6 mW/°C 
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MICRO-MINIATURE 
COAX CABLES & 
CONNECTORS 


Reliability and high performance 
with a minimum of size and 
weight. Proven by applications 
in military and commercial fields, 
one million combinations of 
Microdot micro-miniature co- 
axial cables and connectors avail- 
able from stock. Assemblies made 
by the exclusive Microdot tech- 
nique to assure prompt delivery 
on standard and custom designs. 
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for new 
36 page 
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Men in Industry 


GEORGE Jj. CROWDES 


George J. Crowdes has been appointed 
chief controls engineer of Assembly 
Products. Inc.. Chesterland, O. He has 
been identified with increased emphasis 
on complete “package” controls for a 
wide variety of industrial and research 
applications. 

Before joining the company last Au- 
gust, Mr. Crowdes had broad experience 
in control instrumentation, including 
five years as a development engineer 
with the B. F. Goodrich Co., Akron. 
Earlier, he was with the Simplex Wire 
and Cable Co. and the Dennis Chemical 
Co. 


Roger Bowen has been appointed di- 
rector of engineering of Cannon Elec- 
tric Co.. Los Angeles, Calif.. where he 
will direct and control the over-all 
engineering activities of the company. 


EDWARD J. GUJER, JR. 


Edward J. Gujer, Jr. has recently been 
appointed integrator of military elec- 
trical and electronics production and 
research development at Guardian Elec- 
tric Manufacturing Co.. Chicago, II. 
Mr. Gujer has an extensive background 


in military technical research, procure- 
ment and production. He was formerly 
assistant chief engineer, Turret Div., 
Emerson Electric Manufacturing Co. 


William D. Ball has been appointed 
design engineer of Industrial Tubes, 
Inc.. Geneva, Ill. and will head up all 
design and development activities of the 
company. Mr. Ball was graduated from 
Michigan State Univ. in 1952 and came 
to Industrial Tubes from Bell Tele- 
phone Labs. 


Robert W. Olson has been appointed 
vice president of research and engi- 
neering of Texas Instruments, Inc., 
Houston Div. Mr. Olson joined Texas 
Instruments in 1945 and served as chief 
engineer and later as vice president in 
charge of research and engineering 
until his assignment to the Houston 
operation. 


CHESTER A. TUDBURY 


Chester A. Tudbury has been appoint- 
ed chief engineer of the New Rochelle 
Tool Corp., New Rochelle. N. Y., a 
company engaged in the production of 
high-frequency devices for 
industry. Mr. Tudbury is a graduate of 


electronic 


MIT and comes to his new assignment 
after sixteen years with the Ohio Crank- 
shaft Co., where he was research en- 
gineer for the Tocco Div., specializing 
in high-frequency equipment. 


Joseph E. Mulheim has been appointed 
director of Aircraft Products engineer- 
ing and manufacturing and Hayes 
Crapo appointed chief engineer of Air- 
craft Products of The Leland Electric 
Co., division of American Machine & 
Foundry Co.. Dayton, O. 

Mr. Mulheim joined Leland in 1955 as 
chief engineer. Aircraft Products. Prior 
to that, he was for 16 years in the 
aircraft electrical accessories field as 
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General Electric’s ... 


STANDARD TREATMENTS FOR 
DRY-TYPE TRANSFORMERS HELP 
YOU DESIGN FOR LOWER COSTS 


TREATMENT 
CATEGORY 


impregnations 


GENERAL ELECTRIC’S 
10 STANDARD TREATMENTS 


TREATMENT PROCESS 
AVAILABLE 


PURPOSE 


Used to Varnish pressure-vacuum 
acquire | Polyester pressure-vacuum 
greater Low viscosity epoxy polyester 
dielectric vacuum dip 
strength Epoxy dip 

Varnish dip 


Encapsulations 


Used to 
acquire 
environmental 
protection 


Epoxy polyester atmospheric dip 
Silicone rubber vacuum dip 
Epoxy dip 


Used when Epoxy polyester (Class A) 
strain- | Silicone rubber (Class B) 
sensitive | 

cores allow 

only coil 

treatment 


With these 10 standard G-E treating processes, you can 
economically solve practically any commercial or military 


dielectric and environmental 


You deserve to know the transformers you specify are the 
best, the most economical for your design. That’s why Gen- 
eral Electric now offers you 10 STANDARD treating proc- 
esses to choose from when you have special dielectric strength 
and environmental protection requirements. These 10 
STANDARD treatments help reduce the cost of meeting 
your special requirements. As a result, you save money and 
are assured of getting the treatment or combination best 
suited to your design needs. 


Here are some of the design problems these 10 STANDARD 


treatments can help you solve: 


@ they can be used to provide dry-type transformers with the 
same NEMA and ASA impulse and voltage levels as com- 
parable liquid-filled transformers to reduce size and weight. 


e@ they can be used to provide protection during the clean- 


transformer requirements 


ing of transformers with pressure hoses, solvents, and alkalis. 


@ they can be used to provide smaller, lighter-weight trans- 
formers for electronic and MIL-T-27 military applications 
where temperature and humidity requirements are critical. 


@ they can be used to provide transformers with corona- 
free, surge-resistant performance; increased mechanical pro- 
tection; and cleaner appearance. 


No matter what your specific design requirements may be, 
it will pay you to investigate how these 10 STANDARD 
General Electric treatments for transformers can help you 
solve your design problems. Contact your nearest G-E Appa- 
ratus Sales Office now to see how General Electric can help 
you cut costs. Or write to General Electric Company, Sec- 
tion 412-3, Fort Wayne, Indiana, briefly describing your 
transformer requirements. 
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self-locking 
set screw 
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a design engineer and chief engineer. 
Mr. Crapo joined Leland as a design 
engineer in November 1956 after work- 
ing for Westinghouse Electric Co. nine 
years. 


Angus MacDonald has been named 
director of engineering of both Moto- 
rola’s Chicago Military Electronics 
Center and of the company’s Communi- 
cations and Industrial Electronics Div. 
in a move to implement engineering 
liaison between the two groups. 


G. D. Robertson has been appointed 
manager of the Advanced Development 
Engineering Dept. for the Government 
and Industrial Div. of The Magnavox 
Co., Fort Wayne, Ind. Under Mr. 
Robertson’s direction will be all experi- 
mental and theoretical studies of ad- 
vanced systems, techniques, and com- 
ponents to be used in communications, 
navigation, radar, undersea warfare, 
data processing and guided missiles. 


CARROLL A. BADEAU 


Carroll A. Badeau has been appointed 
administrative vice president and chief 
engineer of the Thomas & Betts Co., 
Elizabeth, N. J. Mr. Badeau joined the 
engineering department in 1935 and has 
served as asst chief engineer, ass’t to 
the general manager, executive engineer 
and chief engineer. He is active in the 
Electrical Power Connector Group and 
the Technical Committee of the Con- 
duit Fittings Section, NEMA. 


1. Tunis Corbell has been appointed 
manager of microwave design engineer- 
ing for General Electric’s Communica- 
tion Products Dept., Syracuse, N. Y. 
He has been active in microwave relay 
work since the early stages of the de- 
velopment of commercial microwave in 
the communications industry. 


Richard P. Gifford has been named 
manager of engineering for the GE 
Communication Products Dept., and 
will be responsible for coordinating en- 
gineering activities in the fields of 
mobile radio-communications, micro- 
wave relay, power line carrier current 
and terminal equipment. 


Company 
Briefs 


The Ramo-Wooldridge Corp., Los 
Angeles, and Thompson Products, Inc., 
Cleveland, have formed a new subsi- 
diary corporation to be known as 
Thompson-Ramo-Wooldridge Products, 
Inc. The company will concentrate its 
efforts on industrial process control, 
and will market as its first major pro- 
duct the RW-300 digital control com- 
puter. Dr. Montgomery Phister, Jr., has 
been appointed director of engineering. 


Erie Resistor Corp., Erie, Pa., has pur- 
chased for cash the assets of Hupp 
Instrumation Co., Los Angeles, Calif. 
Hupp Instrumation is well known as a 
designer and manufacturer of digital 
instruments. The Hupp facilities will 
be combined with the West Coast fac- 
tory of Erie Electro-Mechanical Div., 
located at Hawthorne, Calif. 


\ new company known as _ the 
Columbus Electrical Manufacturing Co., 
Columbus, Ohio, has been formed to 
manufacture switches, relays, motors 
and other electrical components. 


Hycon Eastern, Inc., Cambridge, 
Mass.. has established the Crystal Filter 
Division. The new division will bring 
together in one group everyone directly 
concerned with the research, design, de- 
velopment and production of crystals 
and crystal filters. 


The Applied Science Corp. of Prince- 
ton, N. J., has changed the name of its 
Switch Div. to the Electro-Mechanical 
Div. The renamed division manufac 
tures time division multiplexing 
switches for commercial and military 
use. 


Dalmo Victor Co., Belmont, Calif., 
division of Textron, Inc., has formed a 
new Electronic Systems Div. to be re- 
sponsible for engineering, manufactur- 
ing and sales of electronic systems, test 
equipment and sub-assemblies. Present 
work in these fields includes sonar, 
magnetic detection, communications, 
counter-measures and infra-red. 


Kearfott Co., Inc., Little Falls. N. J., 
has organized an Astronautics Labora- 
tory within the company’s Navigation 
Projects Dept. This laboratory will be 
responsible for the design and develop- 
ment of advance systems, sub-systems 
and components for the guidance and 
control of satellites and space vehicles. 
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WESTON’S NEW, MAGNETICALLY-SHIELDED MOD- i UNEQUALLED 
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Here’s a new series of panel instruments offer- 


ing Weston’s traditional craftsmanship with a Pe usd CORMAG® ACCURACY 
bonus in readability . . . and at low cost, too! 


es caida AND SHIELDING 
Look at these features: 


CORMAG MECHANISM: means you can 
mount these rectangulars on magnetic or non- : 
magnetic panels . . . in close proximity to other prices that'll 


instruments . . . without special adjustments. surprise you 


They're immune to the effects of stray mag- 
netic fields. 


EXCEPTIONAL READABILITY: all-plastic 
fronts, with clear top and sides, provide ex- 
cellent natural illumination of the oversize 
scales—without annoying shadows. Normally 
supplied with lance pointers, for distance 
reading, these instruments can be supplied 
with large pointer tips and heavy scale mark- 
ings as illustrated ... or with mirror scales and 
knife-edge pointers for more precise readings. 


HIGH ACCURACIES: available in most d-c 
ranges with accuracies from 44% to 2% ... a-c 
rectifier types, 3%. 


For more details, call your local Weston 
representative . . . or write to Weston Instru- 
ments, Division of Daystrom, Inc., Newark 12, 
N. J. In Canada: Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 10, Ont. Export: Daystrom 
Int’l., 100 Empire St., Newark 12, N. J. 
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You did it 
again, Smedley! 


That’s no sirloin, Smedley. 
What's cooking in your proto- 
type control panel is just a little 
gutta-percha and copper. Noth- 
that can’t be fixed by going to a 
supplier who can furnish wound 
cores to exact specifications. 
Before going into production, 
Smedley, take a look at what 
Thomas & Skinner has to offer. 
Thomas & Skinner handles in- 
quiries promptly . . . quotes real- 
istic delivery dates . . . and then 
ships on schedule with wound 
cores (as well as all T & S prod- 
ucts) meeting customer specifi- 
cations in every respect. T & S’s 
entire staff is constantly aware 
of the importance of handling 
customer orders, no matter how 
_large or small the customer, no 
matter how large or small the 
order. All T & S customers are 
VIP’s to the T & S staff. 
Specify T & S OrthoSil® 
Wound Cores for your next de- 
sign. Write for Bulletin WC-356. 


SPECIALISTS IN 
MAGNETIC MATERIALS 
Permanent Magnets @ Magnetic Tapes OS 


Laminations =) and Wound Cores B® 
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Editorial Reprints 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANuFactuRING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricAL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 


Inquiry Service Cards beginning on 


REPRINTS NOW AVAILABLE 
Crossbar Switch Applications, April 
1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con- 
trol: digital-to-analog conversion: 
analog-to-digital mul- 
tiple indexing and switching func- 


tions. (730) 


conversion; 


Selenium Rectifier Selection and Cir- 
cuit Design, April 1958, 12 pp. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


basic 


International Standards for Motor 
Dimensions Set for Final Approval, 
March 1958, 8 pp. Final proposed 
I.E.C. motor dimensional standards 
for interchangeability between met- 
ric and inch systems are presented. 
Problems and compromises neces- 
sary in achieving this are described. 


(708) 


Ferroelectrics as Solid-State Devices, 
March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 
devices. (714) 


Designing Minimum Weight Mag- 
netic Cores, February 1958, 8 
pages. A straight forward proce- 
dure for minimizing the combined 
weight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim- 


page 17. Readers should circle those 
numbers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quantities, 
special quotation. 

Cost of 
Single Subject Reprints 

No. of Number of pages 
Reprints 4-12 16-32 

] Gratis Gratis 

> $2.00 S310 

10 3.50 6.00 


25 7.50 12.50 


ization of power supply and other 
related components. Three exam- 
ples given. (706) 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand 
ards are listed. Comparative ad- 

disadvantages of 

various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 

Dacron polyester yarn, nylon yarn 

Mylar polyester film and Quinterra 

(707) 


vantages and 


asbestos paper. 


Cryogenic Devices in Logical Cir- 
cuitry and Storage, February 1958, 
8 pages. This article 
review of superconductor funda- 
mentals and current application 
and development trends for cryo 
genic components in computer logic 


(711) 


presents a 


and storage circuits. 


The Anatomy of Automation, January 
and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus 
sions of 117 key automation terms 
are organized into 18 sub-classifica- 
tions. (727) 


Foamed Plastics for Structural Func- 
tions in Electronic Equipment, Jan- 
uary 1958, 8 pages. This article 
describes use of sandwich-type ele- 
ments made from foamed plastics 
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The 


OFS 
CUTLER’ HAMMER 


i ee 
== MOTOR CONTROL == 


Space Saving Heavy Duty Dil-Tight 


Units Provide Greater Circuit Flexibility 


To meet the demand for smaller, more 
flexible heavy duty oil-tight 
buttons, indicating lights and selector 
switches, Cutler-Hammer developed 
the 10250T family of control units. 
These units, adaptable for either one- 
hole mounting or base-mounting, offer 
amazing opportunities for simplified 
compact control panel design. 


Back-of-Panel Depth— 1%” 
Cutler-Hammer’s pushbutton units 
are available as either flush button, 
extended button or mushroom head 
operators. When one-hole-mounted, a 
double pole pushbutton unit extends 
only 1 behind the panel. The 
double pole contact blocks are available 
in any combination of normally open 
and normally closed contact. Each 
circuit is mechanically and electrically 
isolated from the other. For additional 
circuits, contact blocks can be quickly 
tandem mounted. No special attach- 
ments required. Operators come in six 
distinctive colors. 


push- 


Indicating Lights Include PresTest 
Cutler-Hammer 10250T oil-tight indi- 
cating lights, either resistor type or 
transformer type, have 180 degree non- 
blinding lenses. These unusually com- 
pact lights are available in six brilliant 
colors, with either unbreakable plastic 
or heavy glass lens. PresTest, the 
famous self-testing indicating light, 
permits instant checking for faulty 
bulbs without dismantling the unit. 

’ 
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Control 


Merely by pressing on the PresTest 
lens, the bulb is disconnected from the 
normal circuit and checked on a sepa- 
rate test circuit. 


Roto-Push—The One-Button 
Control Station 

Cutler-Hammer’s Roto-Push is a single | 
unit that combines the functions of the | 
pushbutton and selector switch. Avail- 
able in either two or three position 
types, the guard ring rotates to select 
the desired function while the push- 
button actuates the circuit. Roto-Push | 
offers practically unlimited circuit com- | 
binations and often it will replace two 
orthreeunits. Cutler-Hammer’s10250T | 
family also includes a complete line of | 
two and three position selector switches 
in a variety of operators. 


C-H Master Design 
For complete information of Cutler- 
Hammer’s 10250T family of control 
units write on your company letterhead 
for C-H Master Design, Pub. EL-178. | 





Panelbuilder 


News for and about Panelbuilders 


NEW HIGHER NEMA RATINGS 
FOR SIZE 0 AND SIZE 1 
STARTERS AND CONTACTORS 


NEMA recently approved increased 
horsepower and ampere ratings for 
NEMA O and NEMA 1 sizes of A-c 
across-the-line starters and con- 
tactors. This is a new industry 
standard to allow savings in space 
and cost in the majority of control 
applications. The following NEMA 
ratings are now in effect: 

NEMA AMPERE RATINGS 

A-c Magnetic Contactors 

Old 
15 amps 
13 amps 


New 
open 
enclosed 


20 amps 
18 amps 


Size 0 


open 
enclosed 


25 amps 
22 amps 

A-c Magnetic Starters 

Size 0 open & enclosed 15 amps 18 amps 

Size 1 open & enclosed 25 amps 27 amps 
NEMA HORSEPOWER RATINGS 
A-c Magnetic Contactors & Starters 
Single Phase 
Old 

1 Hp 

1% Hp 


30 amps 
27 amps 


Size 1 


New 


1 Hp 
2 Hp 


115 volts 
230 volts 


115 volts 
23U volts 


1% Hp 
3 Hp 
Polyphase 
1% Hp 
2 Hp 
3 Hp 


3 Hp 


2Hp 
3 Hp 


110 volts 
208/220 volts 
380, 440, 550 volts 


110 volts 
208/220 volts 5 Hp 7% Hp 
380, 440, 550 volts 7% Hp 10 Hp 
NOTE: NEMA Ratings have not been changed 
for special duty, plugging, inching, jogging, etc., 
or for tungsten lamp loads. 

All starters and contactors in the 
Cutler-Hammer line of Three-Star 
Motor Control have been rerated to 
these new NE MA standards. Your near- 
by Authorized Cutler-Hammer Dis- 
tributor now offers them from stock for 
non-reversing, reversing, and multi- 
speed requirements. Revised Cutler- 
Hammer catalog sheets showing all 
forms of control units with the new 
NEMA ratings will be supplied on 
request. 


2 Hp 
3 Hp 
5 Hp 


3 Hp 
Size 1 





PANEL BUILDERS HANDBOOK SIMPLIFIES SELECTION OF ELECTRICAL COMPONENTS 


This handy 70 page reference guide is 
specifically edited to assist design engi- 
neers and control panel builders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
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such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information and a maintained 
price list. Address your request for a 
personal copy on your company letter- 
head. CUTLER-HAMMER, Inc., 1264 
St. Paul Ave., Milwaukee 1, Wisconsin. 
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Wheelock SIGNALS 


CRYSTAL CASE RELAYS 


HIGH TEMPERATURE 
UP TO 125°C AND EXCES- 
SIVE VIBRATIONS 
2000 CPS. AT 20 G. 


Consistently high reliability inherent 
in design and performance 


These new Wheelock Signals Crystal 
Case relays will solve all your space 
problems! Our engineers designed these 
precision-made relays smaller than smaller 
. . about the size of a quarter . . . lighter 
than lightweight . . . approximately .35 oz 
. and sensitive enough to millisecond 
operation, yet so rugged to withstand rigid 
military environmental specifications. 
For consistent reliability, extended life and 
never-failing performance, specify Wheelock 
Signals Crystal Case relays for your elec- 
tronic applications. We will help you solve 
your relay problems . . . we will gladly 
recommend the relay to suit your needs. 


Write for additional literature and com- 
plete specs. 


Wheelock SIGNALS 


RELAYS oO LONG BRANCH, N. J 
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in mechanical parts such as mount- 
ing plates (in equipment such as 
airborne electronic systems) where 
severe vibration and other severe 
environmental conditions apply. Use 
of foam embedments as an as- 
sociated technique is also described. 


(709) 


Design Advances from Magnetism Re- 


search, January 1958, 16 pages. 
Commercial significance and design 
promise of new developments in 
soft magnetic alloys, particularly 
cube-oriented silicon-iron for power 
equipment; permanent magnets, in 
cluding design techniques tor cur- 
rent and soon-coming new materi- 
als; thin magnetic films and other 
promising candidates for computer 
memory devices; ferrites, garnets 
and the revolution in microwave 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con- 
ference on Magnetism. (704) 


Research Progress in  Dielectrics— 


1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
Electrical Insulation (National Aca- 
demy of Sciences—National Re- 
search Council). Subjects discussed 
include: Materials for severe tem- 
perature and other environmental 
conditions in supersonic missile and 
aircraft applications; radiation re- 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 


cable. Table and graphs. (712) 


Design and Application of Hysteresis 


Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for contro] and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 


tions. (733) 


New Procedures for Designing Linear 


and Swinging Chokes, December 
1957, 8 pages. A simple, widely 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 
given. (702) 


Design of Cooling Fins for Semicon- 


ductors, November 1957, 8 pages. 
Removal of heat from semiconduc- 
tor devices is accomplished pri- 
marily by providing increased sur- 
face area. The geometry, material 
selection and dimensions of cooling 
fins for this purpose depends upon 


numerous factors. Calculation meth- 
ods with convenient nomograms are 
presented for direct use in the de- 
sign of fins. (710) 


Analysis and Elimination of Corona 


Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 
scribed. (701) 


Housing Design for Centrifugal Blow- 


ers, November 1957, 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 
squirrel-cage type are considered: 
scroll shape, housing width (with 
respect to blower width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 
design parameters. (705) 


Evaluation of Enameled Magnet Wire 


and Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, nylon, nylon-Formvar, 
polyester, epoxies, Teflon, Teflon 
acrylic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan 
tages of specific types, trade names. 
and applicable standards. (729) 


New Relay Forms for A-C Operation, 


October 1957, 8 pages. Discussion 
of the disadvantages of existing a-c 
relays and of the methods of using 
d-c relays on a-c. Two basically 
new forms of relay for intrinsic a-c 
use developed at the Naval Air 
Development Center are described, 
with details of their development 
including methods of magnetic cir 
cuit analysis. (722) 


Transistor-Magnetic Amplifiers, Sep- 


tember 1957, 8 pages. Seven com 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli- 
fiers; a-c to d-c regulated power 
supply; low-level d-c harmonic- 
type amplifier. (728) 


Thermal and Acoustical Insulation 


Problems, August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 
pliance design. Applications are 
discussed in refrigerated equipment; 
ranges; water-heaters; air condi- 
tioners; and home laundry equip- 
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desigit > 


with 
assurance! 


Cycolac can work design wonders for you. 
Extensively used in a host of end-use products 
similar to those illustrated here, Cycolac can 
help you design finer, more attractive-looking 
products—premium quality merchandise that 
stresses sturdiness, easier assembly, faster 
production and lower costs. Yes, to design it 
with full assurarice, specify Cycolac. 


ep ¥, T £ 


eZ as 


¥Y COL/AVG 


HIGH-IMPACT THERMC 


...molded parts, extruded profiles, 
calendered sheets. 


This family of single uniform resins provides a 
unique balance of properties, permitting fast 
molding, calendering and extruding. 

it is economical to form Cycolac 
press-polished sheets by vacuum, air-pressure, 
or mechanical methods over inexpensive 
molds of wood, plaster, aluminum, etc. 


Write for latest tec 
PACESETTER IN 


Division of BORG WARNER ¢ Gary, Indiana 
Wik ar. 1 SYoyr) also represented by: 


fei e ya WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 


SYNTHETIC RESINS EXPORT: British Anchor Chemical Corp., New York 
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In 1958, 60% of all 
electronic equipment will 


be TRANSISTORIZED! 














You can’t stay in business 











without an instrument like THIS! 











nw PRECISION 







































































MODEL 


960 


TRANSISTOR and Crystal Diode TESTER 


The new Model 960 has been specifically engineered by PRECISION to be 
the answer to industrial and service-maintenance requirements for a reliable, 
comprehensive, portable transistor tester at a sensible price. 


Designed in accordance with the recommendations of leading transistor manu- 
facturers, the 960 is the only semiconductor tester in its price class which gives 
you comprehensive tests for I... gain, leakage, shorts, etc., on low, medium 
and high-power transistors of both the p-n-p and n-p-n types, as well as the 


new tetrode transistors. 


No batteries used or required! ... and only 


Comprehensive! Complete! Self-contained! $ is y 00 


MODEL 960 SPECIFICATIONS: 


p> DIRECT Iceo READINGS in terms of true collector 
current, on wide-angle 512”, 100 microampere 
sensitivity PACE meter. 


p> FIVE Icwo RANGES cover all types of transistors 
— low, medium and high power. 

p WIDE RANGE OF COLLECTOR POTENTIALS: 
5 volts DC to 100 volts DC—17 selected steps. 


p> DIRECT-READING GAIN RANGES: 
Employs five separate injection currents for low, 
medium and high power types. 


MODEL 960: in portable, well-constructed, covered 


p LEAKAGE: Reliable check of emitter collector leak- 
age current provides basis for accurate gain tests. 
p> CRYSTAL DIODE TESTS: 17 selected DC voltages 


for reverse current tests. Also provides separa- 
rate forward tests. 


p> ALL TRANSISTOR TEST SETTINGS listed on high 
speed roller chart. 


pm PATCHCORD ELEMENT SELECTOR SYSTEM pro- 
vides for accommodation of future semiconduc- 
tor releases. 


*CALDWELL-CLEMENTS 


carrying case with accessory compartment; 
etched, satin-finished, 3 color aluminum panel. 


Case Dimensions: 18” x 104" x 6%". 





PRICINION 


PRECISION Apparatus Company, Inc. rourarat 


70-31 84th Street, Glendale 27, Long Island, New York BPE ee ane 


Export: Morhan Exporting Corp., 458 Broodwoy, New York 13, N.Y., U.S.A. 
Canada: Atios Radio Corp., itd., 50 Wingold Ave., Toronto 10, Ontario 


Available and on display ot olf leading electronic ports distributors 
Write for new descriptive cotolog—it's packed with useful information! 
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Numbering Systems, September 1957, 


Minimizing Partially Developed Relay 
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ment. Materials discussed include: 
improved types of fibrous glass; 
gas-filled insulation; cellular or 
foam plastics; molded fibrous glass. 
Acoustical design problems are also 
analyzed and applications of fibrous 
glass described. Property charts; 
temperature analysis charts; appli- 
cations illustrations. (723) 





8 pages. An easy-to-read but stimu 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 
any base: binary (2), ternary (3), 
quaternary (4), quinary (5), deci 
mal (10), duodecimal (12), also 
coded decimal numbers. A needed 
background for computer and nu 
merical control system design. 


(703) 


Tree Circuits, August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


High-Precision Electromechanical Lin- 


ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westing- 
house “Nultrax.” (725) 


Design Procedures for Special Type 


High-Temperature Transformers, 
July and August, 1957, 20 pages. 
A two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization and vibrator 
supply transformers. (735) 


Integration of Dielectric Materials, 
Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 








Over 25 Years 


APRIL 


For over a quarter of a century, 


The Industry Rockbestos A.V.C. Switchboard wires have been 
Standard for used by manufacturers to insure dependability and 


long life. And, today, more and more manufacturers 


are joining the list of satisfied users. 


Here’s Why: 


Easier, quicker installation — impregnated felted asbestos cushions the braid, 


eliminctes cracking. Provides better appearance, allows easy-to-make finger 
bends. 


Strips easily — with both hand and power stripping equipment. 
| Takes 90° bends — no braid cracking or bulging. 
Controlled quality — for uniform diameter, color and performance. 


Fireproof — will not ignite, carry or support flame. Passes Underwriters’ Labora- 
tories Vertical Flame Test, withstands 900 volts after flame test. 


Stands high temperatures — rated at 90°C (194°F.) by N.E.C. 


Moisture resistant — minimum breakdowns after one hour in water: 15 KV for 
type AVB and 12.5 KV for type TA. 


High dielectric strength — minimum breakdown voltages: for type AVB — 
20 KV, for type TA — 15 KV. 


ROCKBESTOS 


PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


-_ Rockbestos A.V.C. (N.E.C. type 
AVB) Switchboard wire — solid or stranded 


Rockbestos A.V.C. 
(N.E.C. type AVB) 
Switchboard hinge cable — flexible stranded 


Rockbestos N.E.C. 
type TA switchboard and flexible hinge cable 
— solid, stranded and flexible stranded 


USE THESE WIRES FOR 


Switchboards, switchgear and control panels 
Radio and television transmitters 

Motor driven rheostats 

Control panels for motor starters 

Elevators, fire doors, cranes 

Hinged connections on swinging meter panels 


Motor leads, etc. 


For complete details on 
Rockbestos Switchboard wires, 
write for Bulletin RSS 71-96 


NEW YORK « DETROIT « CLEVELAND « ST. LOUIS * CHICAGO « ATLANTA « PITTSBURGH « DALLAS * LOS ANGELES * OAKLAND + SEATTLE 
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DO ae 


\" 


that you can 


RELYon GI 


Fractional H. P. Motors 
1/40 H. P. to 1/1100 H. P. 


Meet an all-around performance 
champion. GI’s husky, versatile 
Model “A” motor. Proved de- 
pendable millions of times over, 
it’s the power choice of the na- 
tion’s great-name manufacturers 

- Setting an amazing perform- 
ance record in countless applica- 
tions from phonographs to 
kitchen fans to pumps. If depend- 
ability is your aim, Model"A” is 
your motor! 


MODEL‘A”two-pole shaded pole 
motor available in various lami- 
nation thicknesses. Precision 
constructed for reliable, long 
hard usage. Perfectly balanced 
for smooth, quiet, dependable 
operation. 


Write for quantity price quotations today! 


SPECIFICATIONS 








A-7-CW 
A-7-CCW 
A-8-CW 
A-8-CCW 
A-9-CW 
A-9-CCW 


DEPT. GL 


* ELYRIA, OHIO 
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chemical Society. Property and ap 
plication data on fluorinated gase- 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
insulation. Statistical studies in in- 
sulation life. Tables and graphs are 


included. (721) 


Relay Design Targets, June 1957, 12 


pages. Report of the 5th Electro- 
Magnetic Relay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relays for 
reliable operation under extreme 
conditions of shock and vibration, 
such as encountered in missile cir- 
cuits. (717) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5— 
$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 
(724) 


Multiple Reprints 


Multiple Reprints (reprints or com- 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: EvEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Slide Rule Mathematics, 20 pages, 


plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 

e The Basic Slide Rule 

e Variations on Basic C-D Opera- 

tion 
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Magnetic Metals Company processes 
tape wound Centricores to provide 
thermal stability 


@ New PROCESSING 
developed by Magnetic Metals 
Company now provide Centri- 
cores with superior thermal sta- 


TECHNIQUES 


bility characteristics. Results of 


tests made on Centricores of 79 
Squaremu, .002” material are 
presented here; curves shown in- 
dicate an almost constant gain 
between —60° C. and +200° C. 
Such stability will prove a vital 
assist to the designer of magnetic 
amplifiers, who must contend 
with ever-increasing variations in 


temperature environment. 

The design engineer will find of 
great importance also the stand- 
ard of uniformity which has been 
achieved in Centricore produc- 
tion. Exceedingly small varia- 
tions exist within production 
lots, eliminating production qual- 
ity problems. 

Magnetic Metals Company 
Centricores are available in all 
standard and many special sizes. 
Price lists and engineering data 
may be had on request. 


46 vS 


79 SQUAREMU-.002" | 
CONSTANT CURRENT FLUX RESET 400 CPS | 
HALF WAVE EXCITATION | OERSTED PEAK | 


The Roberts Constant Current Flux Reset 
Method provides dependable core measurements. 


SYTHE a CO 
ETT Come LCE 


eS 


INDUSTRIAL MACHINERY 
COMMUNICATIONS EQUIPMENT 
ELECTRONIC DEVICES 

ane (00 a 


@ MAGNETIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 21st ST. - CAMDEN 1, N. J. 
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DESIGN GINEERS say this 


“ CONDULETS’ 


"No matter what type of 
explosion-proof fitting we 


need, Crouse-Hinds has it!” 


—Proportioneers, Inc. (Div. of B.I.F. Industries, Inc.) 


GASOLINE BLENDER CON- 
TROL PANEL built by Proportion- 
eers, Inc. for Shell Products 


REAR VIEW Pane! contains 58 
different types and sizes of ex- 
plosion-proot Condulets—a _ total 
of 715 in all 


No matter how complicated your electrical con- 
duit layout, you'll find everything you require in 
the Condulet Catalog. There are more than 
15,000 different types of Condulets, plugs, re- 
ceptacles, switches, controls, circuit breakers 
and lighting fixtures — for both’ hazardous and 
ordinary locations. 


NATIONWIDE 


ag DISTRIBUTION \ 


enclusively through 


ELECTRICAL 


For complete freedom in layout design, get 
acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


*Registered 
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e Trigonometry 

e The Log-Log Scales 

e Vector Diagrams 

e Hyperbolic Functions 

e Phasor Calculations 

e The Circular Slide Rule 
Written by Ira Ritow, engineer- 

teacher-author, whose 

published work in’ E.recrricar 

MANUFACTURING include “Capsule 

Calculus” and the 5-part series 

“Fundamentals of Servomechanism 

Design.” $1.00 


previously 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems: 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 

Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
contro] systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do’s and 
don'ts.” $2.50 


Multiple Reprints 

at Quantity Prices 
Since handling expenses are a signit 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 

lowing prices per copy apply: 
Quantity 
Title 5 25 
Slide Rule Mathematics 90 45 
Casting Resins 1.75 1.50 
Human Engineering 2.25 2.00 
Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 

Ave., New York 20, N. Y. 
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If you use or sell 


hydraulic 
TL a 


...cut space needs almost 50% with REULAND 
spline-coupled hydraulic pump mount motors! 


Pump and motor become one with the new 
Reuland spline-coupled hydraulic pump 
hook-up. The pump shaft is connected di- 
rectly to the motor’s shaft inside the motor. 
Flexible couplings are eliminated... pump 
mount platforms are eliminated... and the 
tank length can be reduced because almost 
50% less mounting area is required. Com- 
pact appearance is beautiful. 


SPEEDY INSTALLATION 


Pump-to-motor hook-up is merely a matter of 
seconds. All you do is slip the spline coupling 
onto the pump shaft...and attach the pump to 
the endbell. This spline coupling is supplied 
with the motor and is precision mated for each 
make of pump. There’s no time wasted tinker- 
ing around...takes only a fraction of the 
ordinary time. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


REULAND MOTORS 


PRECISION ALIGNMENT 


Alignment is perfect automatically whether 
the installation is made out in the field or 
on the production line. This permits even 
unskilled workmen to handle this simple 
task without error. Also, by hooking the 
pump up at the point of bearing support, 
within the motor, vibration is reduced to a 
new minimum. Operation is smooth, quiet. 
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COSTS LESS...SAVES 
INSTALLATION LABOR... 
FITS ALL PUMPS 


The Reuland spline-coupled unit is priced lower 
than a conventional set-up... saves you extra 
money by reducing installation costs. What’s 
more, we can supply it to fit any make of pump 
you may be using. So sure are we that it will 
be of help to you, we are offering to engineer 
a demonstration unit to your equipment, with- 
out the slightest obligation. These units are our 
best salesmen. 


OUR NEW GENERAL 
CATALOG WILL COME 
IN HANDY-—SENT 
FREE ON REQUEST. 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
DISTRIBUTORS IN ALL PRINCIPAL CITIES 


*Trademark Registered 





LOCKED ROTOR TESTS 
PROVE WHY MOTORS 
NEED MIGHTY- MITE 
MOTOR PROTECTORS 


NEW MODEL 80 
With Clip-on 
Terminals 


THs x Ya 
overall 


Almost every experienced, trouble shooting serviceman of 
electrical appliances, office machines or small motor powered 
equipment can tell you of trouble calls that were a result of 
an over-voltage source of supply. To show you at a glance 
what happens when motors are connected to a circuit having 
a voltage in excess of their nominal rating, a locked rotor 
lab test was conducted, using a 1/6 hp shaded pole motor, 
with a thermo-couple inserted in stator windings. At 115 
volts it took 814 minutes to reach 350°F. but at 140 volts, 
motor reached 350°F in only 3% minutes. 


[Trier [iisv [av [sv aaov [inv [ooo | 


ae | 


To protect motors against overheating caused by over-voltage 
or overloading, a Mighty Mite motor protector, inserted in 
the stator winding provides complete safety. 


Our complete engineering department can assist you in mak- 
ing proper selection of operating temperature range and 
methods of installation. 


¢ 
Prem Se a ht) 3 


MOTOR aaa PRODUCTION COMPANY 
/ 211 ASH ST. © AKRON, OHIO 
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Plus or Minus 


(Continued from page 16) 


signers. Through the medium of a model 
home the Detroit Edison Company re- 
cently demonstrated how housewiring 
capacity could be vastly increased and 
120/240 volts made available practi- 
cally anywhere in the home by split- 
perimeter wiring of 3-wire, No. 12 
non-metallic sheath cable—a material 
that has been available for years. 

The conventional 15-amp, 2-wire cir- 
cuit for lighting and outlet receptacles 
has a capacity of 1800 watts; the 3-wire 
circuit has a capacity of 4800 watts. 
Under the proposed scheme each outlet 
would have a double 120-volt receptacle 
with each receptacle connected between 
a different hot lead and ground. The 
double receptacle could be replaced in 
a few minutes with a 240-volt 3-wire 
receptacle, 

Detroit Edison is to be commended 
for its forward thinking. If the scheme 
becomes widely accepted, appliance 
designers will no longer be shackled to 
120 volt motors, nor will installation 
of 240-volt appliances require radical 
wiring changes. W.A. 


Realistic Specifications 
and Reliability 
SPENCER H. EY, Standard Engineer 


Metpar, Inc., Falls Church, Va. 


In recent months there has been an 
increasing demand for more reliability 
in electronic equipments. This is a 
very important condition, but until the 
time comes when the manufacturer, 
user and government contracting agen- 
cies want to make a realistic approach 
to the situation, I do not believe we 
will obtain the reliability we are search- 
ing for. One of many situations that 
confront componentry engineers, for 
example, is the derating system used 
for resistors. This fallacy was clearly 
brought out in an article titled “Re- 
sistor Evaluation for Critical Applica- 
tions” (ELECTRICAL MANUFACTURING, 
Jan. 1957, p 74) written by knowing 
engineers at the Naval Material Lab- 
oratory, Brooklyn, and is the crux of 
the situation as to why we are not now 
obtaining dependable components. 

Until the day comes that we either 
modify our specifications to bring out 
the true picture of our component char- 
acteristics, or at least point out the 
shortcomings so that people in the 
component field will be on guard for 
them, we will have holes in our reli- 
ability effort. Should this agonizing 
reappraisal ever come to pass, I believe 
we will have raised the reliability of 
equipment just a little. 
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NEW! From the Laboratories of General Ceramics 


50 MIL O.D. Memory Cores 
for Transistorized 
High Speed Memories 


These new 50 mil O.D. cores are now available in and .015” in height, all with tolerances of + .002”. 
General Ceramics S-4, the material that has proven General Ceramics has designed and built special 
so successful in such vitally important systems as equipment for core testing to insure that each unit 
the SAGE computer. Switching time is less than meets established electrical properties. 50 mil O.D. 
one microsecond with 550 ma full drive. At recom- cores are supplied in production quantities in two 
mended operating conditions, the “ONE”’ output quality levels. Parts are shipped according to MIL 
voltage is greater than 60 millivolts; the “ZERO” Specification 105A to 0.015 AQL or 6.50 AQL. For 
output voltage is less than 6 millivolts. Cores are complete information on this core write General 
provided in two quality levels, to .015 AQL and to Ceramics Corporation, Keasbey, New Jersey, for 
6.5 AQL. Dimensions are .050” O.D., .030” I.D. Bulletin 326; address Dept. ME. 


GENERAL CERAMICS 


Industrial Ceramics for industrial Progress... Since 1906 


4, 
a) -» > 


PRECISION MAGNETIC “ADVAC” HIGH SOLDERSEAL 
FERRAMIC CORES STEATITES MEMORY PLANES TEMPERATURE SEALS TERMINALS 


& 
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dha ro “magne tic CLUTCHES Numerical Control Systems for Machine 
Seceeee Sle eo Mlle Milmur ul hilar iit) Tools, Proceedings of the EIA Symposi- 
um. Engineering Publishers, Div. of 

TI e AC Book <<. | es 7. . Bo 

HOW TO DETERMINE TORQUE REQUIREMENTS 1151, New York 1, N. ¥. 106 pages 
FOR Matched-to-the-Machine PERFORMANCE 1 illustrations, paper cover, price 


$5.00. 


latelese Book Reviews 


Any machine delivers top performance only when positive-acting The full text of the 15 technical papers 
controls are matched to its drives. Stearns brakes and clutches describing the design and practical ap- 
start — stop — control rotary drives on applications ranging all plication of numerical control, plus the 
the way from business machines and precision camera equipment keynote address by Lt. Gen. C. 5S. 
° ° : : . ° > Ss are . aine i ic 
to ball mills and steel mill drives. As the pioneer in this field, see US = “i ee in thi 
: : : : . well-illustrate 5 » basic in- 
Stearns recognizes that a basic step in properly selecting brakes eee mae a 
: : : : ciples, definitions and terminology of 

or clutches is the determination of actual torque requirements. : 
s F : numerical control are reviewed by lead- 

Any of these three formulae will enable you to quickly and easily 


3 ing engineers and executives. The op- 
compute your specific needs. 


eration and application to machine 


tools of several commercial numerical 
EXAMPLE: 


2 
1750 


control systems are discussed in detail. 
A test part, the letter “D,” was used 
as a basis for explaining the operational 
wer source DP = CORSTaM 
2 x 5250 

1750 


procedures of each of the several com- 
6 Ib ft® mercial systems. Several papers are 
devoted to a detailed review of the 
various steps used in machining the 

NUMBER I] — Torque lever method for line EXAMPLE ; I : e 


ahattes or Oxisting aearhines = f test piece, and also to an analysis of 

tches a a manufacturing costs by both manual 
, ( 4 ) and automatic numerically-controlled 
\ A) 
T us u 
7 ~ 


methods. 

; The recent developments in numeri- 

tor (SF) must be applied, ranging from 1 — 1.5 for cal control came about as a result of 

duty applications a program sponsored by the Air Force 

beginning in 1954 and in which con- 
seiiiaiti at iteibes teen thet EXAMPLE: 

c iS aaent on te itovainal. —T of numerically-controlled machine tools 


tracts were awarded for the purchase 


for use in air frame manufacturing. 
These machines are described in the 
Proceedings. 
rpm = 750 
50(2?) x 750 
308 x 3 Fasteners Handbook. By Julius Soled, 
seconds from 0 to max rpm (clutches) T= 162 Ib ft* Reinhold Publishing Co., 430 Park 
ep ree Ave.. New York 22, N. Y. 430 pages, 
price $12.50. 


T= 


Whatever your torque requirements . . . design limitations . . . size or 
type of brake or clutch for your application . . . Stearns has it — or will 
design and build it for you. Stearns brakes and clutches offer velvet- 
smooth, quiet starts and stops that extend the service life of power 
source and driven machine . . . visual indication of need for adjustment 
. . . fast, accurate maintenance with a screw driver the only tool .. . . . . . 
: ee ere ; s practical information needed by design- 
important cost savings in instalation and operation. . : 
ers. All types of proprietary brand 

For Satisfactory Service ... Stop and Start with Stearns! fasteners as well as national standards 
Call the Stearns Representative in your vicinity for complete data on are illustrated and described. 
electro-magnetic clutches, brakes, and clutch-brake combinations. Or \ standard format is used through- 
write, outlining your specific requirements directly to. . . 27 


This handbook meets the need for an 
authoritative reference on fasteners and 
fasteners sources. The author is a de- 
sign engineer for the Army Signal 
Engineering Laboratories and sought 


out, generally a page for each proprie- 
tary fastener type with photo or line 
cut followed by description, features. 

ETO ELECTRIC CORPORATION uses, standard materials, standard sizes, 
remarks and name of manufacturer(s). 

120 NORTH BROADWAY Licensees are also listed where applic- 

MILWAUKEE 2. WISCONSIN able. \ directory of fastener manufac- 
turers Is appended. Fastener types in- 
clude rivets, thread -inserts, screws, 
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UNIT PREAMPLIFIERS 


in the new 


SANBORN ‘450” SERIES 


Here are the newest of the recently introduced Sanborn “450” Series Unit 
Preamplifiers — compact, lightweight, self-contained instruments for use with opti- 
cal and tape recorders, wide band ‘scopes, panel meters, computers, etc. (For use 
with high speed optical galvanometers at frequencies above 500 cps, requiring 
larger current swings, a transistor output amplifier is built into the 450-1800A True' 
Differential DC type and available as optional equipment on other 450’s.) As with 
all 450 Unit Preamplifiers, the new Servo Monitor and DC Coupling models 
mount in either individual portable cases or in the four-unit 19 module frame 
(#354-1100-C2) shown. The 450 designation refers to unit packaging of Sanborn 
350 Preamplifiers and Power Supplies in individual 450 cases. Loosening two 
front panel thumbscrews allows quick, simple interchangeability. Since all “450” 
Preamps use the 350-500 Power Supply (which remains in place at the rear of the 
frame or case), new requirements necessitate only additional Preamplifier units, 
permitting sizable savings in equipment investment. 


The Model 450-1200 is a phase-sensitive demodulator, whose DC output voltage 
is proportional to the in-phase (or 180° out-of-phase) component of an AC signal 
with respect to a reference. Precision measurement is realized by such character- 
istics as negligible quadrature signal error, provision for floating signal and reference 
inputs, front panel VTVM for accurate calibration signals. The 450-1200 accepts 
the outputs of resolvers, synchros, differential transformers and other transducers. The 
450-1300A is a moderate gain, balanced input—balanced output DC amplifier. Its 
input circuit performs equally well with single-ended or balanced signals. 


The “450” Series Unit Preamplifiers presently include the Model 450-1100 Car- 
rier, 450-1200 Servo Monitor, 450-1300A DC Coupling and 450-1800A True Dif- 
ferential DC types. Following these will be “450” Series Logarithmic and Low 
Level types. Further data and application information on present models is 
available on request. 


POWER SUPPLY 


Mode! 450-1200 Servo Monitor 
Demoduloter) Preamplifier 
Model 450-1300A 


OC Coupling Preamplifier 
MAJOR SPECIFICATIONS 


MODEL 450-1200 SERVO MONITOR PREAMPLIFIER MODEL 450-1300A DC COUPLING PREAMPLIFIER 


Sensitivity: 5 mv (in phose) produces | volt at output jock under moximum out- 
put locd conditions 
Input Impedance: Signal 100k 
Reference 12.5k for 15 volts, 55k for 120 volts 
Frequency Response: 3db down at 20°) of carrier frequency filter position 
Corrier Frequency Filter: Selected by co switch (three positions) 
Low 60 cycles 
Med 400 cycles 
Hi 1000 cycles (5000 cycles optional) 
Reference Voltage: Internal selection accepts voltages from 15 to 120 volts 
Quadrature Rejection: Ratio better than 100:1 
Moximum permissible quodrature before overload indi- 
cator lights is twice full scale (in phase) 
Calibrate Voltage: 10 millivolts internal (set by meter on panel) 
Drift: Less than 0.1% of full scale per hour 
Preamplifier Output Jack: +3 volts available into 2.2k minimum load resist- 
ence. Output appears across two cothodes at 
opproximately ground potential 
Rear inputs ond overload indicator lights ore included 
Output Impedance: |k 
Overoll Linearity: =',% 


Power Requirements: 115 volts, 50-400 cycles, approximately 35 wotts 


Sensitivity: 50 mv produces 1 volt at output jack under maximum 
output load conditions 


Input Impedance: 5 megohms each input side to ground 
Input: Single-ended or push-pull 
Preamplifier Output Jack: +3 volts into 2.2k minimum load resistance. 


Output is balanced and appears across 2 
cathodes at approx. ground potential 


Output Impedance: Ik 

Drift: Referred to input 2 mv/hr. line voltages change less than 10% 
Frequency Response: 0-20ke 

Calibration: 100 millivolts internal 

Linearity: =4% 


Rear inputs included 


SANBORN COMPANY 


INDUSTRIAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS. 
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FOR GLASS HERMETIC SEALS 
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VACUUM-TIGHT 
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THERMAL EXPANSION 
OF RODAR 
i Ss ee Ce 


100 200 wx 4x 
212 7s 


TEMPERATURE sie = 
This precision alloy was developed for 
sealing metal to hard glass. Wilbur B. 
Driver Rodar is processed from melting 
to finished size in our own plant under 
the strictest controls to insure consistent 
analysis, temper, uniform grain size and 
conformance to customers’ specifica- 
tions. The superior stamping and seal- 
ing properties of Rodar make it the 
preferred sealing alloy. 

Rodar produces a permanent, vacuum- 
tight seal with simple oxidation proce- 
dure and resists attack by mercury. 
Readily machined and fabricated, 
Rodar can be welded, soldered or 
brazed. Available in wire, strip and bar 
to your specifications. 


Temperature Range 


__ 30° Te 200€. 
_ 30° Te 300 €. 
ss 0 Te 4006. 
___— 0" Te 450C. 
30° Te 500 C. 


SEALS! 


Another 
Special Alloy 
for a Specific 

Purpose 


PROPERTIES 
Composition (Nominal) 


Manganese . . .30% 
Balance 


Melting Point 
. . 1450°C. (Apprex.) 


Specific Gravity. . 8.36 
Weight Per Cubic Inch 


Electrical Resistivity 
... 294 Ohms C.MF. 


Tensile Strength 


Hardness 
.... 82 B Rockwell 
Elongation 


30% (2” gauge length) 


Average Thermal 
Expansion, *Cm/Cm/°Cx10-6 


4.33 To 5.30 
_ 44170 5.17 
45470508 
___ $.03 10 5.37 
5.71 Te 6.21 


“As determined from cooling curves, after annealing 
in hydrogen for one hour at 900°C. and for 


15 minutes at 1100°C. 
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bolts, studs. nuts, washers, retainer 
rings, pins, nails, metal stitching, quick 


release fasteners, masonry anchoring 
devices and hosing clamps. 


American Institute of Physics Handbook. 
Coordinating Editor, Dwight E. Gray. 
McGraw-Hill Book Co., Inc., 330 W. 
12nd St... New York, N. Y. Over 
1500 pages, price $15.00. 


This handbook fills the need for a 
single, authoritative source (more than 
100 experts spent four years assembling 
the material) to help cope with the 
steady increase of data in the many 
specialized areas of this science. 

Over a hundred subject areas are 
covered in the eight sections of the 
book: mathematics, mechanics, heat, 
sound, electricity and magnetism, op- 
tics. atomic and molecular physics and 
nuclear physics. 

Typical of the wide scope of infor- 
mation made readily available are the 
following topics, representing data that 
are particularly new, unusual, or not 
easily accessible elsewhere: rheological 
data such as material on gels, tensile 
strength of liquids, fluid flow through 
porous materials, viscosity of suspen- 
sions, cavitation and diffusion in liq- 
uids; shock waves; values of the elec- 
tronic constant in the low temperature 
heat capacity of metals, including su- 
perconductors; constants in the Grun- 
eisen equation for the thermal expansion 
of metals; and thermal conductivity at 
very low temperatures. 


Engineering 
Standards 


EIA Standards 


The following two recommended EIA 

Standards are available: 
RS-206—Recommended Practice For 
Preparation of Basing or Terminal Dia- 
grams (this Standard, from Standards 
Proposal No. 542, is new material). 
Price 60 cents. 
RS-208—Definition and Register, 
Printed Wiring (this Standard. from 
Standards Proposal No. 566, is new 
material). Price 25 cents. 

Copies may be obtained from the Elec- 

tronic Industries Association, Engineer- 

ing Dept.. 11 W. 42nd St., New York 

36, N. Y. 


ASTM Standards on Glass 
and Glass Products C-14 


This 1957 compilation supersedes the 
prior 1955 edition and contains 38 
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Major breakthrough WAL Se AML OLEH) 


For smaller Class B equipment . 


Johns-Manville’s new Type 71 Quinterra insulation combines the lasting 


New J-M Type 71 Quinterra* 
Epoxy-treated to double dielectric strength 


Johns-Manville now opens up a new 
era in electrical design, with Type 71 
Quinterra—the epoxy and asbestos 
insulation that breaks through today’s 
limitations on ratings and size—offers 
untold new possibilities in compact 
class B equipment. 


Offers 5 major improvements 


1. High Epoxy Content (approx. 45% 
to 50%) provides the optimum elec- 
trical benefits of these high-dielectric 
resins and asbestos. This mechanically 
and electrically strong insulation com- 
bines the lasting inherent dielectric 
strength of the Quinterra base sheet 
with the excellent electrical properties 
of epoxy varnish. 


2. Over 700 Volts/Mil is the tested 
and proved dielectric strength of 
Johns-Manville’s new Type 71 Quin- 
terra insulation. This exceptionally 
high characteristic offers brand-new 
opportunities in increased power from 
smaller frames—with less metal. 


3. Continuous Operation to 175C 
with no reduction of properties brings 
Quinterra Type 71 well above the 
standard class B limit of 130C. At 
175C, this new insulation exhibits a 
dielectric strength well above its 700 
volt per mil minimum. 


4. Moisture Absorption Less than 
2%. Quinterra Type 71 resists humid- 
ity conditions that would break down 


dielectric strength of the purified asbestos base sheet and epoxy varnish. 


other insulations. Even at high relative 
humidities, this new insulation exhib- 
its unusually high dielectric strength! 


5. Improved handling characteristics 
make Type 71 Quinterra ideal for 
today’s assembly techniques. Its flexi- 
bility lets it adapt to the reduced 
radii of smaller equipment. 


Also new Type 72 Quinterra 
for less rigid requirements 


Type 72 Quinterra (approx. 
20%-30% epoxy content) offers 
high dielectric strength at con- 
siderable savings. 


FOR a complete specification sheet and samples of the new epoxy-treated Quinterra, 


write Johns-Manville, 


Box 14, New York 16, N.Y. In Canada, Port Credit, Ontario. 


4% Johns-Manville ELECTRICAL INSULATIONS 
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NYLON PARTS 


Economically mass produced 
or fully automatic 
patented machines, these 
stock GRC nylon parts 
are available in many sizes 
and types. GRC uses 
single cavity techniques, 
molds in one automatic 
cycle, gets accurate, 
uniform parts, ready for 
immediate use. 


=> GRC NYLON SCREWS 
Sr a yee mg | / MOLDED TO CLOSE TOLERANCES 


parts made to exact c Economical clean, sharp Class 2 threads 
specifications ...in & BUSHING 


. . high strength to weight ratio . . built in 
quantities of 50,000 to electrical insulating properties . « Stable over 
many millions. Write for CO 
bulletin describing GRC’s a wide range of temperatures resilient 
unique methods for td and elastic, conform to irregular shapes, seal 
injection molding small don't loosen under virbration non-magnetic 
plastic parts or send dabei non-corrosive ‘ chemical resistant 
prints for quotation 02 in colors to order. These unique GRC 
Ask about our zinc alloy 


, S nylon screws permit radical product 
die castings, too changes . . . improved design 


Available from 
1}” long, 03 oz. <> ; 
Maximum size: See ae 
, , phone - 
NO SIZE TOO SMALL. WASHERS DAY for speci- 
See GRC at the Design BS : serps _— 
Engineering Show — sabe ieee 


Booth 850 


GRIES REPRODUCER CORP. 

World’s Foremost Producer of Small Die Castings 

149 Beechwood Avenue, New Rochelle, N. Y. @ New Rochelle, 2-8600 
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Want further data on 


advertised products? 


A S you scan the advertising pages your interest may 

be stimulated in various products or services that 
tie in with your development projects and on which 
you would like more detailed information. 


Obey that impulse to send for the bulletins or other 
technical literature offered by the advertisers. 


The Reader Inquiry Service cards make it con- 
venient to request data from several different com- 
panies and obviate the need for detail correspondence. 


Separate postcards are provided that will serve also 
to register your request for article reprints and for 
further information on new materials and components 
described in the editorial pages. 


standards. 7 of which are new, re- 
vised, or have had their status 
changed recently. Among the general 
fields covered are glass and glass 
containers, glass block and insulation. 
glass insulators, glass textiles and 
electrical tests. 

Copies of this book may be obtained 

from the American Society for Testing 

Materials. 1916 Rave St., Philadelphia, 


Pa.. at $2.50 each. 


ASA Price List and Index of 
American Standards 


This 67-page booklet lists the 1723 
voluntary national standards  ap- 
proved by the ASA. In this edition, 
there are 465 new and revised stand- 
ards not listed in the 1956 edition. 
Also listed are 44 international recom- 
mendations of the International Or- 
ganization for Standardization (ISO) 
and 43 of the International Electro- 
technical Commission (IEC). 
Free copies of the List and Index of 
\merican Standards are available from 
Dept. DD-7, American Standards Asso- 
ciation. 70 E. 45th St.. New York 17, 
mM. 


3rd Design Engineering 
Conference and Show 


(Continued from page 143) 


New Hermes Engravy Machine 
Corp 


Nice Ball Bearing Co 


ie ok 


The Ohio Gear Co. 

The Ohio Knife Co 

Ohio Seamless Tube Di 

Oil-Dyne, Inc. 

Olin Mathieson Chemical 
Aluminum Div. 

O’Neil-Irwin Manufacturing 
Co. 

O'Sullivan Rubber Corp. 

Owens-Corning Fiberglas Corp. 

Ozalid Div. of General Aniline & 
Film Corp. 


a 


The Palnut Co. 463 
Paragon-Revolute Corp 427, 429, 431 
Park Nameplate Co., Inc. 407 
Parker Appliance Co. ; ae 
Parker-Kalon Div., General 

American Transportation Corp. 739 
Penn Metal Co., Inc. 962 
Pheoll Manufacturing Co. .. 512 
Pic Design Corp. 1034 
Plan Hold Corp. 424 
The Polymer Corp. 

of Pennsylvania ; 653 
Potter and Brumfield Live aici 
Precision Metal Molding j 541 
Pressco Casting and Mfg. Corp. .. 1089 
Process Gear Co., Inc 466 


(Continued on page 308) 
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SPECIAL 


rotary rectifier for speed control 


This is a unique, commutating device, specially built by ESCO, 
to provide a signal used for accurate, wide-range speed control 
for a variable frequency alternator. 

It’s a rectifier because it supplies a DC speed control current from 
an AC alternator output. Special windings in the alternator 
impress a “revolving voltage” on a fixed commutator within the 
device. Rotating brushes collect this voltage, in proper synchroni- 
zation, to deliver a DC output through two slip rings. This 
output is exactly proportional to the air gap flux of the alternator 
and is used to control the drive motor speed. This particular 
method was chosen for its exceptionally smooth, accurate control 
over a wide speed range from well below 100 rpm to above 4,000. 
This is typical of ESCO’s unusual ability to design special rotary 
equipment to meet customer needs. Whether or not your problem 
is this special, remember ESCO’s forty years of broad experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen. 

Refer to Esco Catalog in section 4a/EL in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 

to show you how we Would go about solving it for you. 


171 South Street, Stamford, Conn. 


& 
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for faster 
delivery 
and 
prompt 
service you 
can rely on 
TOLEDO 
commutators 


You get WHAT you order, 
ond get it shipped 
PROMPTLY when you order 
from Toledo Commutotor 
=—ond no mistake obout 

it! Many sizes of 
commutators and 

collector rings ore 
ovoiloble for immediate 
shipment. Complete 
tooling facilities provide 
fast production of 

special orders, too 


Whenever you want 
precision ond accuracy 
in o commutator, col! 
on Toledo Commutator. 
Repeotedly, Toledo 
hos shown that it can 
produce better 
commutators at less 
cost than the 
manufacturer who 
attempts to build 

his own. 


Write today for 


catalog #60. 


toledo ~ 


“sae me atnr " 
commutator co. 
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Product Engineering 
The Pyle-National Co. 


aac a 
Ramsey Corp. : 
Raybestos-Manhattan, Inc. 518 
Recordak Corp., Div. of 

Eastman Kodak Co. 1090 
Reed & Prince Mfg. Co. 1017 
Reeves Pulley Co. Div. of Reliance 

Electric and Engineering 

Co. 611, 613 
The Reliance Electric 

and Engineering Co. 611, 613 
Republic Steel Corp. 723, 725 
Resistoflex Corp. 858 
Revco, Inc. 1067 
Revere Copper & Brass, Inc. 750 
Reynolds Metals Co.. 824, 826, 828, 925 
M. H. Rhodes, Inc. 425 
The Richardson Co. 914 
Rigidized Metals Corp. 332 
Roehlen Engraving Works, Inc. 856 
Rohm & Haas Co. 3, 977 
Roller Bearing Co. of America 122 
Rollway Bearing Co., Inc. 673 
Roper Hydraulics, Inc. 423 
Rosan, Inc. 1068 
Ross Operating Valve Co. 825 
Rotherm Engineering Co., Inc. 1023 
Russell, Birdsall & Ward Bolt & 

Nut Co. 986 


— 


SKF Industries, Inc. 922 
Safety Socket Screw Co. 1061 
Saginaw Steering Gear Div., 

General Motors Corp. 434 
Sanders Associates, Inc. 435 
A. Schrader’s Son Div. 749 
Sealol Corp. 1042 
Shakeproof Div. of 

Illinois Tool Works 522, 524 
Sier-Bath Gear & Pump Co., Inc. 677 
Sigmamotor, Ine. ; 
Simmons Fastener Corp. .. 

Simplatrol Products Corp. 
Skinner Electric Valve Div. 

A. O. Smith Corp. 

Southco Div., South Chester Corp. 
Sparta Manufacturing Co., Div. of 

United States Ceramic Tile Co. 
Spaulding Fibre Company, Inc. 

Spencer Chemical Co. 
Spiroid Div. of Illinois Tool 

Works 522, 
Stacor Equipment Co. 

Stahlin Brothers Fibre Works, Inc. 
Star Expansion Industries Corp. 
Stewart Warner Corp., Industrial 

Balancer Department 
Stokes Molded Products, Div. of 

The Electric Storage Battery Co. 

Stow Manufacturing Co. 
Stratoflex, Inc. 

Sun Steel Corp. 

Superior Steel & Malleable 

Castings Co. 

Superior Tube Co. 
Sweet’s Catalog Service, Div. of 

F. W. Dodge Corp. 

Sylvania Electric Products, Inc. 
Synthane Corp. 
Syntron Co. 


— 
Thiokol Chemical Corp. 
The Thomas & Betts Co., Inc. 
Thomas Flexible Coupling Co. 
Thomas Publishing Co. 
Thomson Industries, Inc. 
Judson L. Thomson Manufacturing 

Co. 

Timken Roller Bearing Co. 
Tinnerman Products, Inc. 
Titeflex, Inc. 


The Torrington Co. 
Townsend Co, 

Toyad Corp. .. 

Albert Trostel Packings Ltd. 
Tuthill Pump Co. 


a 


Union Carbide 
Corp. 701, 709, 7 
United-Carr Fastener Corp. 
United Shoe Machinery Corp. 
U. S. Department of Commerce 
U. S. Electrical Motors, Inc. 
U. S. Gear Corp. 
United States Gypsum Co. 
United States Plywood Corp. 
United States Rubber Co., 
Mechanical Goods Div.. 738, 
United States Rubber Co., 
Royalite Div. 738, 7 
United States Steel 
Corp. 955, 957, 959, 
Universal Castings Corp. 
Universal Drafting Machine Co. 


cao ene 


Valcor Engineering Corp. 
Veeder-Root, Inc. 
Vickers, Inc. 

Vulean Electric Co. 


— 


Wagner Electric Corp. 

Waldes Kohinoor, Inc. 

The John Waldron Corp. 

Warner Electric Brake & Clute 

Co. 5 
Watlow Electric Mfg. Co. 

The Weatherhead Co., 

Fort Wayne Div. 

Web Coatrols Corp. 
Webster Electric Co. 
Weckesser Co. 

Western Brass Mills Div., 

Olin Mathieson Co. 
Westinghouse Electric Corp. 
Westline Products Div. of 

Western Lithograph Co. 
Westplex Corp. 

The S. S. White Dental Mfg. Co., 

Industrial Div. 

Whitney Chain Co. 

The Edwin L. Wiegand Co. 
Winsmith, Inc. 

Wire Rope Divisions, American 

Chain & Cable Co., Ine. 222 
Wisconsin Centrifugal Foundry, 

Inc. 1027 
Wittek Manufacturing Co. 546 
Wolverine Tube Div. of 

Calumet & Hecla, Inc. 1030, 1032 
T. B. Woods Sons 938-A 


a 
Zenith Electric Co. 


Postage return cards are provided 
on pages 17 and 19 as a conveni- 
ence to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Allis-Chalmers Manufacturing Company The Lima Electric Motor Co., In 


The Louis Allis Co 
SEL Ma mie mele TiN) 


The Brown-Brockmeyer Company 


Century Electric Company 


Cleveland Electric Motor Company 


Continental Electric Co., Inc 
Dieh! Manufacturing Co 
Oem am mM ene lle 
Electro Dynami 
Electric Machinery Mfg. Co 
Elliott Company 
Tue LOM men Le 8) 
Emerson Electric Mfg. Co 
Fairbanks, Morse & Co 
General Electric Company 


Slo im a Cem LOR MOLL OLIN 


The Ideal Electric and Manufacturing Company 


The Imperial Electric Company 
Iron Fireman Manufacturing Co 
Jack & Heintz In 
Kingston Conley Incorporated 
The Leland Electric Co 





The Lincoln Electric Company 


Marathon Electric Manufacturing Corporation 


Marble-Card Electric Corporation 
The Master Electric Company 
Oak Electric Motors, Inc 
Packard Electric Division 
The Peerless Electric Company 


The Piqua Machine & Manufacturing Co 
The Reliance Electric & Engineering Company 


OS) Mh ee LL 
Reuland Electric Company 
The Springfield Electric Motor Co 
Star Kimble 
Sterling Electric Motors, Inc 
Valley Electric Corporation 
VEY am a om Oa Lele LLL) 
The B. A. Wesche Electric Company 
Bogue Electric of Canada, Ltd 
Vitae iim acim CaO LOCO BS 
A. 0. Smith Corporation 
Oster Manufacturing Company 
Dayton Electric Service Co 


Constantly sought by manufacturers and users is 
velvet smooth operation of electric motors that 
whispers ‘“‘superb quality.” 
In many leading makes of motors, as well as other products, Contact Seal 
hushed quietness is assured through the use of Hoover 
Quality Ball Bearings. Precision made with super smooth 
Hoover Honed Raceways and perfectly matched Micro- Velvet 
Balls, Hoover Ball Bearings are exceptionally quiet, 
exceptionally dependable, exceptionally long lived. 


Shield Type 


You, too, can put these Hoover advantages to work .. . 
in the products you build, in the equipment you operate. 


NOOwer 


BALL AND BEARING COMPANY 


ANN ARBOR, MICHIGAN 
Los Angeles Sales Office and Warehouse: 2020 South Figueroa, Los Angeles 7, California 


Cartridge 





for Dependable Power in 


Controls and Timing 
Devices . . . Specify 


SVC lO he 


precision made 


accurate 


trouble-free 


tested 51 times 


UL ano CSA APPROVED 


Built by Hansen, quality leader in timing motors, 
SYNCHRON synchronous motors operate smoothly, 
evenly in any. position — at temperatures from —40 
to +140 F; start instantly under load; pull up to 
20 in. oz. at 1 r.p.m. Speeds from 0.8 r.p.m. to 


600 r.p.m. 


5 QUALITY SYNCHRON PRODUCTS by HANSEN 


STANDARD 
8 IN. OZ. 


Compactly built to space sav 
ing dimensions. Rotor and 
coil packed in sturdy, hand 
sized case; for timing devices 
and controls of all types 
Guaranteed torque 8 in. oz 
at 1 ¢.p.m, 


SLO-MOTION 
1 R.P.H. 


A new timing motor devel 
oped especially for slow 
motion jobs. Guaranteed 20 
in. oz. at 1 g.p.h. (1/60 
r.p.m.) 


MAGNA-TORC 
DC MOTOR 


Designed for aircraft instru- 
ments and radio controls. 
Armed Forces applications 
proved its performance 
worldwide under all condi- 
tions. Fasily adapted to com- 
mercial uses. 


HI-TORQUE 
20 IN. OZ. 


There's big power packed 
into this versatile timing mo- 
tor. One year guarantee. De- 
pendable, accurate, trouble- 
free. Guaranteed torque 20 
in, oz, at 1 £.p.m, 


CLOCK 
MOVEMENTS 


For standard and _ office 
clocks, sign clocks, novelty 
clocks, and clocks of all 
kinds up to 26” in diameter 
under glass. Precision power 
with a Synchron_ timing 
motor. 


SYNCHRON 
TIMING MOTORS 
IN ALL SPEEDS 
AVAILABLE FOR 


PROMPT DELIVERY 


SEE SYNCHRON CATALOG IN SWEET’S 


Hansen Representatives: The Fromm Co., 5150 W. Madison St., 


Printed Circuits 
in New Telephone Design 


(Continued from page 97) 


ings on the bobbin are inductive. The non-inductive wind- 
ings which have hitherto formed part of the induction 
coil are omitted from the bobbin and replaced by carbon 
resistors. The complete induction coil is tropically pro- 
tected by a cellulose acetate wrapping. 

The handset, Fig. 3. is molded from impact-resistant 
polystyrene free from inserts. Its hollow construction al- 
lows the fully assembled handset to weigh only 7 oz. 
The curved shape of this easily handled design brings 
the transmitter into the correct speaking angle for maxi- 
mum transmission efficiency. enabling the — straight- 
forward type of hygienic mouthpiece to be used. Both 
mouthpiece and earpiece are screwed to the handle by 
molded threads. The handset cord consists of a tinsel 
conductor coated with PVC insulation. 

An analysis of the performance of the “Centenary 
Neophone” shows that several important innovations 
have been made. An effective method of side tone control 
has been introduced. Compared with conventional tele- 
phones the new model shows a substantial increase in the 
voltage sent to line for a given sound pressure, an in- 
crease that is assisted by the new transmitter. However. 
with an increase in output voltage there is a correspond- 
ing increase required in the attenuation of the sidetone 
if the user is not to be inconvenienced by the reproduc- 
tion of his own voice in the receiver. 

In the transmitter. Fig. 4, the moving electrode is a 
hollow hemisphere of thin phosphor bronze, gold-plated 
and polished on its exterior surface, and force-fitted into 
a hole in the center of the diaphragm. The back electrode 
is made of solid carbon as in normal practice. but is 
radiused to remove the sharp corner, thus reducing 
amplitude distortion. The firm claims two advantages 
from using this type of electrode. A change of input 
sound pressure causes the sensitivity to diminish only 
slightly. and the change in sensitivity of the transmitter 
resulting from a change in the angle of voice direction 
is appreciably less than that experienced on conventional 
handsets. The maximum transmitter output is obtained 
at an angle of 45 deg. the angle which is naturally pro- 
duced when this handset is held normally. 

An entirely new design of receiver has been introduced, 
Fig. 5. It is an electromagnetic unit of the balanced type, 
in which the magnetic circuit includes two ring-shaped 
magnets of anisotropic material. A small flat diaphragm 
is clamped between the magnets. The two windings, con- 
nected in series, are carried on specially shaped pole- 
pieces fitted to the magnets. To counter the tendency of 
the vibrating diaphragm to resonate at a specific fre- 
quency. an anti-resonance chamber is in the rear cavity 
of the unit, giving an over-all flatter response. The re- 
ceiver can handle an electrical power input of 50 milli- 
watts without exceeding a total harmonic distortion of 
10 per cent in the sound output. 

It will be apparent that ease of maintenance has been 
one of the chief considerations in the evolution of the 
“Centenary Neophone.” The one-piece main casing is 


Chicago, Ill.; Winslow Electric Co., 123 E. 37th St., New York, 
N. Y.; Electric Motor Engineering, Inc., Los Angeles (WEBSTER 
3-7591) and Oakland, Colif.; H. Johnson Agencies, Inc., 
Rochester, Buffalo, Syracuse, Binghamton and Schenectady, New 
York. 


molded of a material that can be expected to resist break- 
age as much as possible. The cord is insulated with PVC, 
holes in casing and baseplate are sealed, components 
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the growth 
of a giant... 


. . . Enjay Butyl rubber, a man-made giant molecule. 
ate PALE leerel in teh lb ea 
immediately to war, replacing natural rubber for the 
ethers Mos m alt ole 

Since the war, Butyl has been applied to many other 
exciting uses. Its wide variety of outstanding physical, 
chemical and dielectric properties give it a versatility 
unmatched by any other rubber, natural or synthetic. 
Today Butyl makes possible better quality automotive, 
electrical, industrial and domestic products. 

For a closer acquaintance with this remarkable 

young giant, contact the Enjay Company. A complete 


brochure is yours for the asking. 


BUTYL 


Pioneer in Petrochemicals Ensay) ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. 


Akron Boston + Charlotte « Chicago + Detroit « Los Angeles « New Orleans « Tulsa 


7 
APRIL 1958 Circle 307 on page ! 311 





This Transformer Provides 
tea se eC ae 
Total Temperature Range 


=55°C to #300°C 


The encapsulated transformer shown above is 
rated at 60 VA, 6.3 volts; input 115 volts 400 
cycle. Overall dimensions 2 x 2-1/16 x 2-3/16. 
Weight 6 ounces. Temperature range —55°C 
to +300°C. This transformer could be called 
a product example of Acme Electric research 
into transformer performance under wide dif- 
ferences of environmental conditions. In de- 
signing, building, testing and breakdown ana- 
lyzing of transformers that have been subject 
to a 355°C temperature range, Acme Electric 
engineers accumulated a wealth of information 
and facts about materials and construction. This 
experience is available to you, if you need 
transformers as Components to equipment that 
must meet unusual temperature requirements. 


Another construction design (shown above) is 
also for high temperature environmental opera- 
tion. Special, thoroly tested materials and new 
construction principles are features that provide 
required performance. 


are interchangeable and all parts are tropicalised. The 
complete instrument is sealed, to prevent the entry of 
dirt. by concealed mating surfaces between the casing 
and the baseplate, by rubber seals between the case and 
the dial switch, at the entry of the gravity switch plungers 
and by the cord grommet. 


Synthetic-Fiber 
and Wool Felts 


(Continued from page 130) 


resistant properties as the fibers of which it is composed. 
In addition. as a class. they are resistant to biological 
attack and damage. They may be used where acid, alka- 
line and other corrosive conditions exist. Of prime im- 
portance is the information that they will generally resist 
temperatures up to 300 F. 

One of the newest materials in the synthetic-fiber felt 
group is a Dacron felt impregnated with Teflon* resin. 
Designed for use in electrical equipment as precision-cut 
gaskets, strips and washers, this material eliminates 
lateral cold flow and has excellent gasketing qualities. It 
also has good dielectric properties, high thermal stability, 
good cutting properties, high strength and will not ravel 
or fray. 

The material described above possesses excellent gas- 
keting qualities under exposure to corrosive gases and 
liquids at low and high temperatures. Due to its excellent 
stability under these conditions, possibilities may be seen 
for its use as seals and washers in liquid-phase gas cool- 
ing of electrical equipment such as transformers. It has 
good thermal stability up to 420 F and a tensile strength 
rating of 1000 psi at that temperature. Lateral flow values 
indicate that when flow appears, it is well above gasket 
pressures normally encountered. The material has ex- 
cellent die-cutting and hand-cutting properties, and is 
easily fabricated. 

Felting Process. As with natural felt. the felting 
process itself determines many of the physical properties 
of the end material. All synthetic-fiber felts are made 
from a continuous batt of cut fibers fed to a machine 
that. in effect. performs a needling operation. In the 
process a number of barbed needles, with the barb facing 
downward to facilitate removal, are forced into the com- 
plex of fibers. This effects a crimping and interlocking 
of fibers to form a web-like felted structure. Felts made 
in this manner have good breaking strength, although 
elongation under tension is large. 

To increase strength and decrease elongation under 
tension, the needling operation is performed with the 
fibers superimposed on a woven fabric. In this procedure 
the fibers and fabric are interwoven, with the added 


ACME ELECTRIC CORPORATION strength being along the plane of insertion of fiber into 
354 WATER STREET © CUBA, NEW YORK cloth. 

\ third method of synthetic felt manufacture is a 
fusion of the fibers, after the needling operation, by 
moderate pressure at temperatures in the plastic range of 
the fiber material. Very thin, tough sheets are produced 


*E. I. du Pont de Nemours & Co., Inc., (fluorethylene resin) 
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These shielded coil forms offer the utmost in reliability due to their unique 
design and construction. Dimensions when mounted, including terminals, 
are: LS-9, “A.” diameter x %” high; LS-10, 54” x '%.”; LS-11, 6” x 'A2”. 
Each form mounts by a single stud. Single layer or pie-type windings to 


your specifications. LS-14 is double-ended for primary and secondary 
windings with separate tuning slugs for independent tuning of each section; 
its overall length excluding tuning slugs is 11344”; OD is 


2”. See photograph 
below for new aluminum housing shielded coil forms. 


Reliability — under any condition! 


Cambion® miniaturized shielded coil ration, 453 Concord Ave., Cambridge 
forms are highly shock resistant. With 39, Mass. On the West Coast contact 
mechanically 7 enclosed, completely Roberts and Associates, Inc., 5068 
shielded coil winding, they bring all the st Washington Blvd., Los geles 
ruggedness and dependable perform- 16 and 1560 Laurel St., San Carlos, Cal. 
ance you require for your “tight spot” 
applications IF strips, RF coils, — Se Sonsiee <a coil forms nate 
~~ F arutties . anodized finish. Available in three sizes, as variable 
ISC illator coils, etc. . ‘ " ° tamper-proof units with positive locking mecha 
Cambridge Thermionic C orporation nism and more precise tuning, or as fixed shielded 
combines quality control with quantity coil forms. Flange mounted by means of two 
roduction to su ly exactly the com- number 2-56 screws. Mounted heights above 
P Ppt) - chassis are 7s”, 5s”, and '” (in variable units ex- 
ponents you need, in any amount. Our clusive of tuning element). 
quality control includes material certifi- 
cation, checking each step of produc- 
tion, and finished product. And 
Cambion quantity production means we ' } 
~ 


can fill your orders for any volume, CAMBRIDGE THERMIONIC CORPORATION 
from smallest to largest. , 
Any Cambion coil form may be wound ® 
to your specifications in any desired 
quantity. For samples, specifications f 4 
and prices, write to Sales Engineering : 


Dept., Cambridge Thermionic Corpo- | Makers of guaranteed electronic components, custom or standard 


APRIL 1958 Circle 309 on page 17 313 





HYSPERSYN 


A MAJOR 
ADVANCE IN 


HYSTERESIS-SYNCHRONOUS MOTORS 


Based on radically new principles; achieves a performance 
superior to any known hysteresis motor. 


STARTS and accelerates fast as an induction motor 


RUNS with a large synchronous torque and excellent 
damping using permanent magnets 


EFFICIENCY up to 80% * Patent Pending TRADEMARK 


Fasy ELECTRIC COMPANY, INC. 
sea = _ 1327 S. Main St., Dept. D-4 
- = Los Angeles 15, Calif. 


Circle 310 on page 17 


WIDEST 
RANGE OF 


eae 
aie TOL 


The widest range of 
time-tested stabilized precision capaci- 
tors available with polystyrene, polyethylene, teflon, 
and mylar plastic film dielectrics. Designed for critical appli- 
cations. FCI Capacitors have high insulation resistance, low 
power factor and dielectric absorption, and are available 
in a wide variety of capacitance values, tolerances, 


casings and sizes. Write for FREE CATALOG 
showing complete line. 


FILM CAPACITORS, INC. 


B405 PARK AVENUE - NEW YORK 56, N. Y. 
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in this way. A fourth method involves stretching the fiber 
past its yield point before it is cut. It is then mechanically 
interlocked with other similarly treated fibers by the 
needling process. The material is then heat treated until 
the stretched fiber relaxes and shrinks back to its original 
unstretched size and length. This is about as close to a 
natural felting procedure as can be accomplished with 
synthetic fibers. The process results in a tightly inter- 
locked material. 

Types and Properties. The chemical and physical 
properties of synthetic-fiber felts are basically the prop- 
erties of the fiber itself. Table V gives a comprehensive 
compilation of physical properties and some applications 
of these materials. 

Nylon, acrylic and polyester-fiber felts provide rein- 
forcement materials with exceptional properties advan- 
tageous in the field of low pressure lamination. These 
felt materials are especially suitable for inclusion in 
design of specialized electrical equipment such as radar, 
radomes and printed electrical circuits; where the mate- 
rial is copper plated and then etched, leaving an electrical 
circuit. Polyester felts have valuable dielectric properties 
such as a low, wet electrical dissipation and loss factor, 
low dielectric constant and high electrical resistance. 

These felt materials offer smooth fiber-free surfaces, 
three dimensional strength qualities, good resin wettabil- 
ity and resin-to-fiber adhesion. In addition to excellent 
dielectric properties under wet or high humidity condi- 
tions, they offer excellent chemical stability. 

Mechanically interlocked synthetic felts are excellent 
for corrosion resistance applications, separating dissimilar 
metals, and for such acoustical damping as may be re- 
quired in air conditioners, vacuum cleaners or communi- 
cations equipment. 


Composite Felts 


No single fiber can satisfy all design engineering con- 
siderations in a felt material. Modification of natural- 
wool felts has not attained a point of universal use, nor 
can synthetic-fiber felts themselves satisfy all engineering 
demands. The logical solution to the problem of produc- 
ing a universal felt material is to make the material fit 
the application. 

To obtain specific properties in particular felts, vege- 
table, synthetic or metal fibers are blended with the 
natural wool or with each other. In addition, special felt 
treatments such as impregnation, lamination and bonded 
coating are used to impart specific properties. 

impregnation. A number of uses for impregnated 
felts and tyes of impregnations have been reviewed in 
Table II. Materials of impregnation are many and varied. 
They include resins, rubber materials, inorganic com- 
pounds and organic liquids, giving enhanced thermal, 
acoustical or electrical insulating properties. 

The RCA Whirlpool electric clothes dryer utilizes a 
wool felt impregnated with Hycar nitrile rubber latex 
as a seal at the exhaust end of the dryer drum. In this 
application the material must stay strong and resilient 
in an atmosphere of hot, moist air. The purpose of the 
seal is to keep this air in the exhaust duct while maintain- 
ing an effective barrier between the rotating drum and the 
cabinet. This material has proven highly satisfactory and 
much superior to other materials previously used. 


(Continued on page 316) 
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Ge } 
honstantin GLASS-TO-METAL SEALS ARE... 


vibration 
poet 


. 


‘ 


It's a rare day when Sam, the design 
engineer, doesn’t dream up a situation 
in which Ed, his chief engineer, 

is utilizing his hidden talents to the 
utmost. Note Sam's obviously smug 
imperviousness to the vibration, 

shock, dirt, and heat being generated. 
Note also Ed’s sardonic sideway 

glance and rising blood pressure. 


In reality, it’s no fantasy when severe 
environmental conditions as above 
mentioned turn component design into 
a living nightmare due to faulty glass- 
to-metal seals. It’s enough to get 

the most serene temperament all 
“shook up.” 


The moral here is that Constantin 
glass-to-metal seals are the one item 
which both design and chief engineers 
agree on for all types of componentry 
sealing. They take the most severe 
environmental conditions in stride... 
offer reliability never dreamed of before. 


Constantin prescribes its quality 

line of glass-to-metal seals as 

a reassuring sedative for shattered 
engineering nerves. Statistics such as 
the lowest reject rate, the strictest 
quality control procedures, and the 
highest environmental standards in the 
industry make Constantin your logical 
choice for reliable glass-to-metal 
seals. Outline your sealing problem 

in a letter to Constantin. You'll 
receive a prompt appraisal and quote. 


“QUALITY WITH CONFIDENCE" 


S Vd GY Constantin & Go, sanuractunine 


ENGINEERS 


GENERAL OFFICES: ROUTE 46, | PLANTS: 187 SARGENT AVE., ROUTE 46, 6TH AND CAPITOL STS. 


z LOD!I, NEW JERSEY CLIFTON, N. J. LOD!I, N. J. SADDLE BROOK, N. J. 
9% 
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~ You need Ulanet ~ 
Tuf-hide 


— Contact Screws! | 
H ERE’S WH Y— 


THREADED OUTER SHELL IS MADE OF 
A TOUGH METAL ALLOY CONTINUOUSLY 
BONDED TO CORE OF PRECIOUS METAL 


Mechanical Advantages: 


1. Threaded outer shell has excellent non-seize 
qualities in a snug-fitting mating part. 


ie 


Screw driver slot is burr resistant. 


Loosening of precious metal core is impos- 
sible. 


Electrical Advantages: 


1. Optimum heat transfer path dissipates heat 
developed by contact arcing. 


No oxides can form between precious metal 
and outer shell, thus assuring permanent 
ideal electrical and thermal conductivity: be- 
tween the metals. 


Contacts operate cooler thus pitting and wear 
is greatly reduced and results in longer con- 
tact life. 


Tuf-hide contacts are available in all sizes 
on special order only 


MATERIALS 


Contact material in silver and silver alloys, 
platinum, Gold and other noble metals 

Thread moterial (high strength 
stainless steel and other alloys 


U. S. PATENT 


in bronze, 


the Ulanet Answer to Reliability 


os 
(GEORGE ULANET 
COMPANY 


ee MARKET ST. NEWARK 5, N. J. wf 
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Metallic and Nonmetallic Laminations. Many 
engineering for laminated materials using felt in 
combination with other materials or felt-on-felt laminates 
are rapidly becoming an integral part of design. Table 
VI presents a guide to selection of adhesives for bonding 


uses 


felt materials to each other and to dissimilar materials. 
The with felt is largely 
governed by ° 
1. Nature and surface character of 
materials to which the felt is to be 
2. Strength of the bond and 
3. Conditions of use. 


selection of adhesives for use 


the 
bonded. 


component 


flexibility required. 
including temperature, moisture 
resistance. chemicals and electrical resistance. 

lL. Nature 
tions. 

Although all the above factors must be considered, 
composition and the character of the 
to be re the primary consideration. 

\ Teflon film laminated to wool felt increases the high 
temperature resistance of the felt to 300 F, 
greater properties. 


and quantity of production, and cost limita- 


the 
surface materials 


bonded a 


in addition to 
This material may 
a radar scanner turntable, a dust 
equipment, bearing 
as a thermal insulation separator on elec- 


adding dielectric 


be used as a seal for 


seal for electrical frictionless dry 
surfaces, oF 


trical chassis. 
A Dacron-felt laminated to aluminum provides excellent 
electrical for 


kitchen ranges, 


material 
to confine 


insulation. Possible use such a 


would be in electronic micro- 


wave radiation to the cooking area. An added advantage 
of this material is the electrical conductance of aluminum, 
where 


it could become part of a circuit and simultane- 


ously provide electrical insulation by virtue of the Dacron 


backing. 
The T 


Teletype Corporation uses wool felt covered with 
as sound dampers in the cabinets of teletype 
machines. They use wool felts and combinations for gas- 
kets. and wicks. Of interest is a 
graphite impregnated washer die-cut from graphite im- 
pregnated felt sheets. This washer is part of clutch 
of the increased service life 
of the part by 60 per cent. while holding the clutch torque 


poplin 


washers lubricating 


design in which use washer 


constant. 


Bonded felts—special materials in the form of laminates 
great potential. In contrast to materials of a 
single composition, they show superior wetting, strength, 
Many 


inserts, 


show 
thermal and wicking qualities. bonded laminar 
utilizing metal fibers, 
lays as electrical conductors and semiconductors. 


felts are overlays and in- 
Alu- 
minum, copper and tin have already been bonded to felt, 
imparting strength, heat resistance, reflection and elec- 
trical conductance to the already strong felt properties 
described in this article. 


The 


with 


of metallic filaments and fibers interwoven 
although still in the research stage, 
shows great promise for the future. 


use 


felt materials. 


Felt standards and specifications have become up- 
graded to such a degree that these materials enjoy a 
uniformity of engineering needs. As a 
result of research and development within the felt indus- 
try. improved manufacturing processes, and the uphold- 
ing of high standards of quality by the SAE, ASTM, 
and The Felt Association, a wider range of felts of known 
quality and properties is being made available to the 
design engineer. 000 


expression in 
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New Dow epoxies feature ‘‘lens clear’’ liquid resin 


Dramatic evidence of the striking clarity and purity of Dow 
Epoxy Resin 332—unique member of Dow’s new line of 
liquid epoxy resins—is shown in the illustration above. The 
magnifying lens was actually cast from this new water- 
clear resin. In addition to improved clarity and uniformity, 
DER 332 has very low viscosity, longer pot life and greater 
heat resistance than conventional epoxies. 


Also available, for formulations where absolute purity is not 
so important, are Dow Liquid Epoxy Resins 331 and 334. 
Dow’s position as a basic producer of all epoxy raw ma- 
terials assures top quality control and a narrower range of 


specifications. It will also enable Dow to introduce, in the 
near future, a complete line of solid epoxy resins and a new 
line of polyfunctional liquid epoxy resins outstanding in 
high temperature service. 

Prompt delivery of these three Dow Liquid Epoxy Resins 
can be made in drums, truck or tank car lots. For more in- 
formation contact your nearest 

Dow sales office or write THE 

DOW CHEMICAL COMPANY, Mid- 

land, Michigan, Coatings Sales 

Dept. 2259-N 


YOU CAN DEPEND ON 
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[= }f°/4\ New Bi-metal Element 


is basis of 
Miniature 
Greuit 


Special Features 
Current ratings from 50 ma. fo 25 amp. 


Tripping characteristic assures fuil pro- 
tection in entire overload range. 


Circuit Breaker current rating 
may be selected very close to 
actual motor running current 
—nuisance trips eliminated. 


E-T-A Miniature 
Circuit Breaker 


For complete data and prices, write for Bulletin No. 48. 


E-T-A PRODUCTS CO. OF AMERICA 
5085 North Elston Avenue Chicago 30, IIlinois 
Tel. Kildare 5-1554 
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lame Lae > colo 
when DANO makes your Coils 


Every DANO coil is tailor made to | 
customer specifications. 


Regardless of type or quantity, let 
DANO fill your next coil order! 


Bobbin 

Form Wound 

Paper interleave 
Encapsulated 
Vacuum Impregnated 
Specially Treated 


TRANSFORMERS MADE TO ORDER | 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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Foil Coil Design Factors 


(Continued from page 85) 


group before processing had an average open-circuit 
primary inductance of 26 henries. On the molded trans- 
former, where the core is also covered, the average in- 
ductance dropped to 20 henries. This reduction is due 
to a combination of factors but it is primarily the result 
of the pressure of the casting material on the laminations 
and the change of the effective air gap caused by mold- 
ing material which entered the air gap. The cast coil 
units remained at 26 henries because the clear thin dip 
of the coating material was sufficient only to protect the 
core from corrosion and not enough to cause excess 
pressure. 

This whole effect is even more pronounced when we 
measure the units over a temperature range. The molded 
units deviate 39.7 per cent from the maximum inductance 
over the temperature range of —55 C to +125 C, whereas 
the unfinished and cast coil types deviate only 13.2 and 
16.3 per cent, respectively. This means that if we are to 
maintain a minimum inductance over the temperature 
range, we will in many cases have to overdesign in the 
unfinished stage by adding more turns or core material 
to achieve the desired results. If any degree of stability 
over the temperature range is required, the only solution 
in some cases is the open core such as the cast coil de- 
sign. Coil casting can be used on round wire coils or on 
wafer coils. By not covering the core, better heat radia- 
tion is obtained. 

The wafer coil approach and coil casting 
rately or together 


used sepa- 
offer potentials for weight reduction. 
Both of these techniques are now in limited use and more 
development should further extend the range of applica- 
tion. OO 


References in ELECTRICAL MANUFACTURING 


“Considerations in the Design of Aluminum Foil Coils,” H. O. 
Rost, March 1957, p. 163. 

“Basic Considerations in Foil Transformer Production,” W. Brack- 
mann, R. Levinsohn and D. McCarthy, January 1957, p. 94. 

“Wafer-Coil Techniques for Transformers,” Albert Zack and James 
Heffernan, February 1955, p. 72. 


A short-cut to RESEARCH! 


e Hundreds of design and research engineers have 
provided themselves with personal file copies of the 


ELECTRICAL MANUFACTURING 5-YEAR 
ANNOTATED EDITORIAL INDEX 


The 60-page book lists by functional subject classi- 
fication—with succinct annotations—every feature 
article and major “Design Trends” short article pub- 
lished in ELECTRICAL MANUFACTURING during the 5- 
year period, 1951-1955. 


Per copy price is $2.00 on orders accompanied by 
remittance (add 3 per cent sales tax for New York 
City delivery). Please make remittance payable to The 
Gage Publishing Company, 1250 Sixth Avenue, New 
York 20, N. Y. 
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Waldes Truarc GRIP RINGS Replace Expensive Parts... 
_ Reduce Manufacturing Costs...Eliminate Rejects 


WALDES TRUARC Rings cut costs 33%, 
SERIES 5555 GRIP RING* eliminate rejects 


: B & J Tool uses series 5555 grip 

‘ , ring to secure parts of damper 

application: external for shafts control made for Vulcan Radiator. 

= Shaft formerly was machined 

. ’ a AL | down to provide coil spring shoul- 

range: 077 in. 755 , der, often broke during bending 

operation. (Rejects ran as high as 

80%!) New design eliminated re- 

jects and field failures, cut pro- 
duction costs 33%. 


The Waldes Truarc Grip Ring requires no groove, holds fast 
by friction forces, can be used again and again. It provides 
2 positioning shoulder secure against moderate thrusts or 
vibration. The ring’s unusually large radial width exerts con- 
siderable frictional hold against axial displacement. 


*U. S. Pat. No. 2,574,034 


Rings save $32.42/M: 


Swift Business Machine Co. re- 
placed collars and set screws in 
hollow shaft assembly of its add- 
ing machine with series 5555 grip 
rings, saving $32.42 per 1000 

~ - ” fi units. Rings require no groove, 
Rings save $300 per die, $.03 unit r make possible positioning adjust- 
ments without slippage encount- 


Ray Oil Burner Co. uses a Truarc series 5555 grip ring in fuel pump ered when set screws were used. 


drive shaft to position seal and drive it to assure continuous rota- 
tion with shaft. Original design used complicated die-cast collar 
and driver which required special groove and shoulder. Savings: 
$300 per die for each size manufactured, $.03 per part. 


Whatever you make, there’s a Waldes Truarc Ring designed quickly from leading OEM distributors in 90 stocking points 
to save you material, machining and labor costs, and to throughout the U. S. and Canada. 

imprave the functioning of your product. Field Engineering Service: More than 30 engineering- 
minded factory representatives and 700 field men are at 
Statistically Controlled Quality from engineering and raw your call. 

materials to the finished product. Every step in manu- Desi;;n and Engineering Service not only helps you select 
facture watched and checked in Waldes’ own modern plant. the proper type of ring for your purpose, but also helps you 
Complete Selection: 36 functionally different types. As use it most efficiently. Send us your blueprints today. . . 
many as 97 standard sizes within a ring type. 5 metal let our Truarc engineers help you solve design, assembly 
specifications and 14 different finishes. All types available and production problems. . . without obligation. 


WALDES 


~ TRUARC 


/— RETAINING RINGS 


WALDES KOHINOOR, INC.,LONG ISLAND CITY 1, N. Y. 


In Truarc, you get 


Waldes Kohinoor, inc., 47-16 Austel Place, L.1.C.1, N.Y. 
Please send new, descriptive catalog showing all 
types of Truarc rings and representative case history 
applications. 

(Please print) 
Name 
, 
Company 
Business Address 


i citintintititemennaicatimesciateiaenn State. 


ee ee ee ee ee ee ee ee ee ey 
“men ec eee es ces es ems ce nes ome ool 


Consult the Yellow Pages of Your Telephone Directory for Name 
of Local Truarc Factory Representative and Authorized Distributor. 
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CAPACITORS 

AMP Incort ‘ her &D 
Di > Park. Elizabethtowr 
Aerove < New Bedford, Ma 


vide to Buying ee 


MATERIALS @ METALS e@ ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise 
ments. Publisher will supply any additional information which is available—use postcards appearing 
on page 17 


ADHESIVES : trot ' ‘ f BOLTS. See Fa 

= 4 BOXES, METAL. Se ‘ 

BATTERY ELIMINATORS. See } CAPS and PLUGS. PROTECTIVE 
suf 1 Re tifier < 


BRAKES. MAGNETIC Buff 
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f ; B 
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\ t D ‘ 
Mi 


™ 


CASTINGS. BRASS, BRONZE, COPPER 


CASTINGS. DIE 


BEARINGS and BUSHINGS METAL 
(Brass, Bronze, Steel, ete 
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I r Bror 4 


y 
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CASTINGS, STEEL 
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CEMENT, INSULATING and SEALING 

Bakelite ¢ D { Union Carbi Corp 
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48, Del 
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Walck R 


AUTOMATION EQUIPMENT BELT DRIVES. S« es, Belt General Ele 


BRUSH H s ‘ r ecatur 
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r N. ¥ . 7 ndiar li ‘ Sauereisen Cements Co 
BUSHINGS Zophar M Ir 
BALANCING MACHINES atta . lo j Porter Bearings. See Bearing i ir lyn 32, N. ¥ 
General Electric Co ee ra é t j Composition. See Plasti 
Schenectady 5. N. Y Fibre. See Fibre t nized 
Hickok Electrical Instrume BIMETALS. See Thermostatic Bimeta Glass. See Glass. CERAMICS 
Dupont Ave., Cleveland Hermetic Seals. S als and Tern Standard & Special Ele 
Balance Ir BITS. SCREW and et a Hermetic Porcelai , low - volt 
Serew Ski w Miea. See Mica Refractory } rcelain 
Porcelain. See Ceramic High-voltage Porcelair 


BLADES, FAN Rubber, See Rubber and Rul > ee ai, 
. t M t 


‘ ‘ a Tor t Steatite Lava 
BALLS, BEARING Cor Titenen 


Hoover Ball & Bearing ) 26 E CABINETS, SHEET METAL. Sec Cement-A 


con Arbor, Mici BLOCKS, PILLOW Meta 


Fabricators Ferrite 
SKF I trie I 


Departure D eneral tor Alurmi 
ristol, Conr CABLE. See Wire and Cablk 
BATTERIES, DRY ‘ justries, Ir Philade|pt a Akron Porcelain Cc 
Mallor > oR anal CABLE ASSEMBLIES and HARNESSES Akror i, Ohio (AB 

€ r BLOCKS. TERMINAL. See Strir ( See Harnesses and Assemblies, Wire American Lava Corp., Chattanooga Tenn. 

on Boards, Terminal CDBPPG 
CAMBRIC, VARNISHED. See Fabri Centralab, Div. of Globe-Union, Inc., 962D 

BLOWERS. See Fans and owe I ating k. Keefe Ave, Milwaukee Wi bF 


3000 Corry Ave., 


320 ELECTRICAL MANUFACTURING 





Better Prints... 


Easier 
Printmaking... 


Big, new 


operating 
features 


The Prinigridt 


Here’s the advanced Printmaster 810—with fea- 

tures that outdate every other whiteprinter in its 

price class. Now you can assure yourself of better 

whiteprints, more easily, in less time. 

1. More compact—lower in height... saves val- 
uable floor space, allows easier lamp replacement, 
better control . . . means less fatigue. 


. New design of brush feed assembly... to 
automatically control curled edges, folded corners. 

. New print pick-off... prevents tearing, sticking 
or scratching. 

. Improved tracing release . . . convenient release 
pedal means immediate control of tracing and 
print—no loss of time and material. 


. Cool cylinder design ...means practically no stick- 
ing in processing plastic-coated materials and foils. 


APRIL 1958 


6. New filtered air system... Fiberglas”® filter de- 
livers filtered air—for cleaner machine, cleaner 
prints—means less:shut-down time for cleaning. 

And Oczalid offers other great proven features such as 

new steel frame support . . . double paper rods... 

both rear and front delivery ... and U/L approved 
safety devices. 

Why not test-run your own tracings through the new 

“810’’? Simply call your local Ozalid representative 

or write: Ozalid, Dept. K-4, Johnson City, N. Y. 


OZALID’ 


First Name in Whiteprinting 


A Division of General Aniline & Film Corporation 
In Canada: Hughes Owens Company, Ltd., Montreal 
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Liverpool, Ohi ABCF Film and Paper. 
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BENDIX AVIATION CORPORATION SHAFT AND BUSHING ASSEMBLY 


VERY CLOSE TOLERANCES AND CLEARANCES 
ON ASSEMBLY PROVIDE FRICTION FREE ACTION 


Coors Alumina Ceramic is used in 
production quantities by the Bendix 
Aviation Corporation for a shaft and 
bushing assembly that has tolerances as 
close as +0.000015. From one bushing 
to another, Coors holds the diameter to 
+0.000050. Between one shaft and an- 
other, Coors holds the diameter to 
+0.000015. On both bushings and 
shafts, taper, camber and roundness of 
individual parts are held to 0.000010 
total. 

Extremely close, match-fit sets of 
this assembly are made by selective fit- 


COORS PORCELAIN 


COMPANY 


Manufacturers of High Strength Alumina Ceramics 


GOLDEN, COLORADO 
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ting. Finishing within afew millionths is plastics are unacceptable. Tolerances 
required to provide proper fits—exact and finishes which can be obtained by 
clearance must be withheld. Coors are: 

These very close tolerances and within 0.000030” total. 
clearances provide friction free action 0.000010” per inch of length*. 
between the shaft and bushing. This, Camber.............0.000010” per inch of length*. 
combined with the hardness and chemi-  Out-of-roundmess.......sesssssesessesecseseees 0.000010”, 
cal inertness of the alumina ceramic, Surface flatness—less than 1 light band. 
gives the assemblies long, trouble free — Equivalent surface finish — 
service. 3 to 4 r.m.s. microinch. 

Guaranteed precision on a produc- *(in lengths up fo 3 inches) 
tion basis permits the engineer to use For a complete description of phy- 
Coors ceramics in applications where _ sical properties of Coors High Alumina 
the physical properties of metals and Ceramics, write for Bulletin 1055A. 


GOORS PORCELAIN CO., 644 9th St., Golden, Colo, 


Please send me detailed Bulletin 1055A on Coors High Strength 
Alumina Ceramics and Coors manufacturing facilities. 


Name....cesseess 
Company...... neciaiaigiieiaiots 


BN iecctitnitnsnsehicneesesstiiiieiietackinninen ain ecinnboninetnieiitateiesieeadinntintestiaiata 


City. eoveceeeseses: es cereeeeserccescessssecesesseoseseeebens: ese Ra iminasonisenesinnl onereceesvesesanes 
‘Please refer to-our 12-page catalog in Sweet’s Product Design File 


20 TO 200 D.P. 


SEND YOUR PRINTS FOR 


QUOTATION 


SPURS e HELICALS e WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS ®@ INTERNALS @ ODD SHAPES 


ARS 


1035 PARMELE ST. ROCKFORD, ILLINOIS 
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the ONLY Complete Line of Relays 
with the Built-in Indicator Lamp 


= 


> SX. MALFUNCTION 
> INSTANTLY! 


\ 


F RELAYS > 


The newest high quality, 
general purpose plug-in 
relay, featuring a neon 
lamp to indicate 


circuit function rey es 


@ SAVES PANEL SPACE 
@ REDUCES COSTLY LABOR 


@ CIRCUIT CONDITIONS CAN BE 
SEEN AT A GLANCE WHERE 
NUMEROUS RELAYS ARE 
EMPLOYED 


HOUSINGS 


@ AVAILABLE IN 4 STANDARD 
ARRANGEMENTS 


@ COLORED STYRENE CASES 
AVAILABLE FOR CIRCUIT 
IDENTIFICATION 


LINE ELECTRIC COMPANY 


Ti - 


NDUSTRIAL TIMER CORPORATION 


Circle 322 on page 17 


Ideal Industries, Inc., 1008-D Park Ave., 
Sycamore, Ill. 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 
Paul, Rochester 2, N r 

Opto-Metric Tools, Inc 
New York 13, N. ¥ 


84717 St. 
i8s7EM Varick, 


COMPOUNDS, SEALING. See Cement 


Insulating and Sealing; also Waxes and 
unds 


COMPOUNDS, VARNISH. See Varnishes 
Compounds and Resins, Insulating 
COMPUTER COMPONENTS 
Airpax Products Co Fort Lauderdale 
tro-Mechanical Div 


Erie Pa 


8 nstrument Incorporated, 600( 
Lemmon Ave Dallas 9, Texas 


CONDENSERS. See Capacitors. 


Erie Resis- 


CONDUIT FITTINGS 
A ppleto 


é is ( 
National Cx 
ago 51 ll 


CONDUIT, FLEXIBLE 
Electri-Flex Co Roselle, I 


CONNECTORS, PRINTED CIRCUIT 
4 ectroni r 
Ave.. Chi 


Met R i7 W. Wilson Ave 
Chi l 


830 8S. 54t 


CONNECTORS, WIRE and CABLE 
AMP Incorporated, 5284 Eisenhower B 


Waterbu 


Calif 

N. ¥. 
Construction 
2, Conn 


445 Elo Syca 


Bridgeport 2. Conr 
1008-D Park Ave 


) Madi 


Hudepoh! 
Ohio. 
ional 
51 


CONTACTORS, MAGNETIC. See 


4 Contactor 


Relays 


CONTACTS and CONTACT POINTS 
Brainin Co., C. 8 18 Washington, Mt 
Vernon, N. Y 

Eitel-McCullough, Inc San Bruno, Calif 
Engelhard Industries Im Americar 
Platinum & Silver Div.. 231 N. J. Rai 
road Ave., Newark 5 

Engelhard Industries, Inc., Chemical Div 
& Baker Platinum Div 113 Astor 
Newark 5, N. J 

Engelhard Industries, Inc., H. A. Wilson 
Div., 2655 U.S. Rte, 22. Union. N. J. 
Fanstee] Metallurgical Corp North Chi- 
eago, Tl 

General Plate Div., Metals and Controls 
Corp. 1904 Forest, Attleboro, Mass 
Gibson Electric Co., Old Wm. Penn High 
way, Delmont, Pa 

Mallory & Co., In 
6, Ind 

Stackpole Carbon Co., St, Marys, Pa. 
Thomson Mfg. Co., Judson L., Dept. D., 
Waltham 54, Mass 
Ulanet Co., George 
N. J 


P. R., Indianapolis 


420 Market, Newark, 


CONTACTS, CARBON. See Carbon and 


Craphite 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1. N. J. 


CONTAINERS, PACKAGING and 
SHIPPING 


Mason Box Co., Dept. Bl, Attleboro Falls, 
Mass. 


CONTOUR PROJECTORS 


Bausch & Lomb Optical Co., 84717 St. 
Paul, Rochester 2, N. Y. 

Opto-Metric Tools, Inc.. 137EM Varick, 
New York 13, N. Y. 


CONTRACT MANUFACTURING 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20. Conn. 

Curtis Development & Mfg. Co., 3266 N. 
33rd, Milwaukee 16, ihe 

Elgin National Watch .» Micronics 
Div., Elgin, TL 


Kirk and Blum Manufacturing Co 3122 
Forrer, Cincinnati 9, Ohio, 
Merkle-Korff Gear Co., 211 N. 

Chicago 7, Il 

Mirro Aluminum Co., Manitowoc, Wis 
Stromberg-Carlson, A Div. of General 
Dynamics Corp 1434 N Goodman, 
Rochester 21, N. Y. 


Morgan, 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8S. Second, Mil 
waukee 1, Wis 

Allis-Chalmers, Milwaukee 1, Wisc 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 
Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J 

Clark Controller Cx 11446 EB 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y 

Cutler-Hammer Inc l St. Paul Ave 
Milwaukee 1, Wis 

Dales (Co Franklir ] 184 BE. Mill 
Akron, Ohic 

Electro Product sabre 4501 
N. Ravenswood Ave , ngo 40, Til 
Fidelity Instrument Corp ( Bound- 
ary Ave York. Pa 

Furnas Electric Ce 
Tl. 

Genera! 
Div Schenectady 

Hart Manufacturing 
Ave Hartford 1 

Servo Tek Product 
R Hawthorne 

Square D Co 4041 hard Mii- 
waukee 1 wi 

Vicker tr 
Locust 

Ward I 

Mt. Verr 


152nd, 


Batavia, 


Electri 


Goffle 


CONTROLLERS, POTENTIOMETER 

West Electrica Instrument Corp A 
sult f Daystrom, Inc., 614 Frelinghuy 
sen Ave Newark 5. N. J 

Whee Instruments Di Barber-Colman 
Co., 1403 Rock, Rockford, I 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches 


CONTROLS PRESSURE and TEMPE 
ATURE. See a Relay Switche 


Thermostats 


Mil- 


Cutler-Hammer In 

Milwaukee 1, Wi 

Edison Industrie Thor 
ent Di McGraw-Exdis 

Orange. N. J 

Fenwal In 11 

G-V ontrols 

Es Orange 

General Electri 
Div., Schenectady 

Hart Manufacturing 
Ave Hartford mn 

i Corp 201 Belmont Ave., Chi- 
41. 

w-Fultor Contre Co. Acro 
Columbus 16. Ohio. 

Spencer Thermostat Div., Metals & Con- 
trols Corp 4 Forest Attleboro 
Ma 

cx 4041 N. Richards, Milwau 

Wis 
Electrical Instrument Corp. A 
Daystrom Ir 614 Frelinghuy 

ve Newark 5, N. J 
Instruments Div Barber-Colman 

1403 Rock, Rockford, Tl 
Co Edwin L. 7530 Thomas 
Pittsburgh 8, Pa 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors 
Switches 


CONTROLS, 


nisms 


SERVO. See 


Servomecha 


COPPER. See Brass, Bronze and Copper 


COPPER, BERYLLIUM. See Beryllium 


Copper 


CORD and TWINE, 
COIL 


Insulation Manufacturers Corp 565 W. 
Washington Bivd., Chicago 6, Il 

Varflex Corp., 504 W. Court, Rome, N. Y¥ 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


ARMATURE and 


CORD, INSULATED. See Wire and 
Cable, Insulated 


CORD, RESISTANCE LINE. See Resist- 
ance Line Cords 


CORD SETS 


Belden Manufacturing Co., 4633 W. Van 
Buren, Chica, 44, Til. 

Circle F Mfg. . Trenton 4, N. J. 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y. 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, R. L 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12. Ohio. 
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WHATEVER YOU REQUIRE IN = | LV ce FR 


... HANDY & HARMAN IS YOUR BEST SOURCE OF SUPPLY 


You can go no further for available knowledge of, and experience in, the manufacture of silver and silver 
alloys. In the ninety years Handy & Harman has been active in the research, manufacture and application of 
silver and silver alloys for all industry, it has gained the reputation of The Number One Source and Authority. 


Among the many forms of silver 
and silver alloys manufactured by 
Handy & Harman are: 


e Fine silver (wire, strip and foil) 
e Silver anodes and grain for plating 
¢ Silver contact alloys « Silver powders 
e Silver flake, paints and paste e Silver 
brazing alloys « Silver electronic solders 
¢ Silver sintered metals « Solder-flushed 
silver alloys « Silver chloride and oxide 
e Coin silver (wire and strip) « Silver 
bi-metals 


JOIN THE HANDY & HARMAN 
FREE LIBRARY 

We have four Technical Bulletins giv- 
ing engineering data on the properties 
and forms of Handy & Harman Silver 
Alloys. We would like you to have any 
or all of those that particularly interest 
you. Your request, by number, will 
receive prompt attention. 


Fine Silver Bulletin A-1 
Silver-Copper Alloys . Bulletin A-2 
Silver-Magnesium-Nickel Bulletin A-3 
Silver Conductive Coatings Bulletin A-4 


Our Technical Service and field application experience are at your disposal... we 
welcome inquiries on products and product problems involving any form of silver. 


SOURCE OF SUPPLY 
AND AUTHORITY 
ON SILVER ALLOYS 


Your No. 


HANDY & HARMAN 


; ral Office 


82 Fulton Street, New York 


Offices and Plants: Atlanta, Georgia « Bridgeport, Connecticut * Providence, Rhode Island « Chicago, Illinois « Cleveland, Ohio + Detroit, Michigan « Los Angeles, California 


APRIL 1958 
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Oakland, California * Toronto, Canada + Montreal, Canada 
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AGAS 


time delay relay 


° 


for... missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING . . 


seconds 


UNAFFECTED BY VOLTAGE VARIATIONS 
mains constant from 18 to 30 volts DC 


ADJUSTABLE . . . time delays from .030 to 120 seconds 

CHOICE OF OPERATION .. .for either energizing or de-energizing 
SMALL . . . height—456” . . . width—1-13/16” . . . depth—1¥2” 
LIGHT . . . maximum weight—15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 


reset time—less than .020 


time delay re- 


This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reli- 
able operation on automatic aids to navigation, in a space-saving 
miniature unit, built to withstand the rugged environmental 
conditions of missile and aircraft applications. 

For specific information on the new AGASTAT relay for 
your ieotoniins, write to Dept. A29-421. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 
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CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 
Acme Electric Corp., 354 
NY 


Lava 


Water, Cuba 


American 
Tenn. 
Arnold Engineering Co 
General Ceramics Corp 
Indiana Steel 
Ind. 
Magnetic Metals Co., Hayes Ave 
Camden 1, N. J 
Magnetics, Inc Box 391 
Radio Cores, Inc., 9540 
Lawn, Ill 
Stackpole Carbon Co., St 
Thomas & Skinner., Inc 
Indianapolis 7, Ind 
Westinghouse DPlectric 
Center, Bldg. No, 3, 
Pittsburgh 30, Pa, 


Corp Chattanooga 5 


Marengo Til 


Keasby, N. J 
Products Co Valparaiso 


at 2lst, 


Butler, Pa 
Tulley Ave Oak 


Marys, Pa 
1114 EB. 23rd 


Corp 
401 


Gateway 
Liberty Ave 


COUNTERS. See also 
tronic; Relays 


Berkeley Div. of 
Inc 2200 
Calif 

Boesch Manufacturing Co., Inc., 
Conn 

Bowmar Instrument 
vania Ave., Fort 

Fagle Signal Corp 

Kellogg Switchboard and 
6650 S. Cicero Ave., 

Production Instruments 
Controls Co. 8074 
Skokie Tl 

Veeder-Root, Inc., 


Instruments, Elec 


Beckman 
Wright Ave 


Instruments 
Richmond 


Danbur 


2415 
Ind 
Moline, Ill 
Supply Co 
Chicago 38, Ill 
Div. of General 
McCormick Blvd 


Corp., 
Wayne 
202 20th 


Pennsy! 


Hartford 2, Conn 


COUPLINGS, CLUTCH, See Clutche 


COUPLINGS, FLEXIBLE 


Climax Metal Products Co., 863 E. 140tt 
Cleveland 10, Ohio 

Eaton Mfg Co.,.Dynamatic Div 
Fourteenth Ave Kenosha, Wis 

Lovejoy Flexible Coupling Co. 4802 
Lake, Chicago 44, Il 


CRYSTAL DIODES. Sex 
onductor ; 
Diodes 


Ww 


Rectifiers 
Transistors and 


Sen 


Crystal 


CRYSTALS, QUARTZ 
RCA Tube Div Radi 
{ Harrison, N, J 


Electron Corr 
America 


DELAY LINES. See Computer Compx 


DIAL LIGHT ASSEMBLIES. Sec 
Pilot and Indicator 


DIALS and PANELS 

Helip« Div, of Beckman Instr 
P.O. Box 458 

Calif. 

Glass 


Ohio 


Newport 
Beach 

Lancaster 
Lancaster 


Corp., 220 W. Mair 


DIE CASTINGS. See Castings, Die 


DIELECTRIC HEATING 


High Frequency Heating 


UNITS. See 
Units 


DIE-SETTING TOOLS 


Wales-Strippit Co 222 


222 Buell Rd 
N 


, Akror 


DIES, PRECISION, LAMINATION Ete 
Cleveland? Tool and Die Co. 1620 Eddy 
Rd., Cleveland 12, Ohio 

Stein & Co., Inc Wm, P., 424 8t 
Paul, Rochester, N. Y 

Sy ia Electric Products Ine 17 

dway, New York 19, N. ¥ 

Twi City Die Casting Cc rd & 
Talmage Aves., S E., Minneapolis 
Minn 


DIODES. See 
Transistors 


Rectifiers 
and Crystal 


Semiconductor 
Diodes. 


DRAFTING EQUIPMENT and 
MATERIALS 


Keuffel & Esser Co., Hoboken, N. J 
Ozalid A Div. of General Aniline 
Film Corp., Johnson City, N. ¥ 


DRAFTING REPRODUCTION 
MACHINES 


American Photocopy Equipment Co., 1920 
W. Paterson Ave., Chicago 26, Ill 

Ovzalid, A Div. of General Aniline & Film 
Corp., Johnson City, N. ¥ 


DRIVES, BELT 


Allis-Chalmers, Milwaukee 1, Wis 


DRIVES, ELECTRONIC. 
Reducers and Drives 


Eaton Mfg. Co., Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus 
Div., Schenectady 5, N, Y 

Reliance Electric & Engineering Co 
Dept 274-A, Cleveland 17, Ohio 

Servospeed Co., Div. of Electro-Devices 
Ine 4 Godwin Ave., Paterson, N, J 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


See also Speed 


38307 


Sales 


DUCTS, WIRING (Control Panel) 
Spaulding Fibre Co., Inc., Tonawanda 
N.Y 


Stahlin Brothers Fibre Works, Inc., Dept 
E, Belding, Mich. 


Taylor Electric, Inc., 15406 


Dale 
23, Mich, 


Detroit 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears 


DYNAMUOMETERS 


Chatillon & Sons, John, 85 Cuff, 
York 38, N. Y, 
Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis 
General Electrie Co., Apparatus 
Div., Schenectady 5 ra 
Robbins & Myers, Inc., 
Westinghouse Plectric 
Center, Bidg. No. 3, 
Pittsburgh 22, Pa. 


New 


Sales 


Springfield 
Corp 
401 


Ohio 
Gateway) 
Liberty Ave 


ELECTRICAL SHEETS. Sce Steel, Elec 


trical 


ELECTRONIC COMPONENTS. See spe 

cific headings 

ELECTRONIC TUBE 
(Bases, Caps, 
ings, Welds, 


American 
Tenn 
Fitel-McCullough. Inc San Bruno 
Ford Radio & Mica Corp., 

Brooklyn, N. Y 


COMPONENTS 
Lead-in Wires, Stamp- 
Ete.) 


lava Corp., Chattanooga 


Calif 


536-540 63rd 


ENAMELING SHEETS. See 
mercial Forms and Grades 


Steel, Com 


ENAMELS 


Paints and 


See Lacquers 
Varnishes, 


Enamels 
Finishing 


EYELETS and GROMMETS 

Chase Brass & Sub. of Ker 
necott Waterbury 20, 
Conn 

Fastex Div. of Illinois Tool Works 
Algonquin Rd Des Plaines, Il 

Goshen Rubber Co., Inc., P. O, Box 
Goshen, Ind 

Revere Copper and Brass, Ine 23 
Ave New York 17, N. ¥ 

Roth Rubber Co., 1860 §S 
Chicago 50, Ill 

United States Gasket Co Plastics Dj 
of The Garlock Packing Co., Camden 
N. J. 


Copper Co. 
Copper Corp., 


S4th Ave 


FABRICS, INSULATING, (Sheets, Tapes 
Yarns, Thread, Cord, Ete.) 


Glass Fiber 
linen, Silk 
Tape and 

Tubing and 


Acme Wire Co., 
Haven 14, Conn 
tentley, Harris Mfg. Co., 200 
Conshohocken 2, Pa 
Brand & Co., Inc., William 
1, Conn 
Continental-Diamond Fibre A Sub 
The Budd Co., Newark 13, De 
Cottrell Paper Co., Inc 88 Purchase 
River, Mass 
Electro-Technical 
Chemical Corp 


Varnished Cambric, Cottor 
Asbestos et See als 
Sheeting, Synthetic Resin, 
Sleeving, Braided Fabri 
1225 Dixwell Ave., New 


Barclay 


Willimanti 


Products, Div. of Sur 
Nutley 10, N. J 
General Electric Co., Laminated Products 
Dept Coshocton, Ohio 
Gudebrod Bros. Silk Co., 
Philadelphia 7, Pa 
Insulation Manufacturers 
Washington Bivd 
Irvington Div., 
Manufacturing Co., 
Irvington 11, N. J 
Johns-Manville, Box 14, 


Ine., 12 8, 12tt 
Corp., 565 W 
Chieago 6, Til 

Minnesota Mining & 
9 Argyle Terrace 


New York lf 


x 

Johns-Manville, Dutch Brand Product 
7800 Woodlawn Ave., Chieago 19, Ill 

Minnesota Mining & Mfg. Ce., Electrica 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 

Natvar Corp., 207 
bridge, N. J 

New Jersey Wood Finishing Co. Plee 

trical Insulation Dept., Woodbridge 
N. J 

Owens-Corning Fiberglass Corp., 
dison Ave., New York 22, N. Y. 

Raybestos-Manhattan, Inc., Plastic 
ucts Div., Manheim, Pa 

Varflex Corp., 504 W. Court, Rome. N. Y 

Westinghouse Electric ; Gateway 
Center, Bidg. No Ave 
Pittsburgh 30, Pa 


Randolph Ave., Wood 


Prod 


FANS and BLOWERS 


Air-Marine Motors, Inc., Amityville, N. Y 
Ashland Electric Products, Inc 32-02 
Queens Bivd., Long Island City 1, N. Y 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som- 
erville, N. J. 

Emerson Electric Mfg. Co., St, 
Mo 

Fasco Industries, Inc 

Globe Industries, Inc., 

Heinze Electric Co., 
ell, Mass 

Lau Blower Co., 2027 
ton 7, Ohio 

Revcor, 251 Edwards, Carpentersville. Ill 

Robbins & Myers, Inc., Propeller Div., 
Springfield, Ohio 

Rotron Mfg. Co., Inc., Woodstock 

Torrington Manufacturing Co., 
ton, Conn. 


Louis 21 


Rochester 2, N. Y 
Dayton 4, Ohio 
685 Lawrence, Low 


Home Ave., Day- 


N. ¥ 
Torring 


FASTENERS (Bolts and Nuts; 
Snap Assemblies; Pins; 
Washers and Screws; 
Screws; Rivets; Screws; 


Leck and 
Pre-assembled 

Recessed Head 

Washers.) 


Bolts and Nuts 

Machine Bolts and Nute (A 
Stove Bolts (B) 
Self-Locking Nuts (C) 
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i aie 
DYNAMATIC SINGLE PACKAGE 


FRACTIONAL HP AJUSTO-SPEDE DRIVES 
Provide Stepless Adjustable Speed 


STANDARD 


WITH 
FRICTION BRAKE 


Sizes and Types 
for Hundreds of WITH 
Industrial Applications ee « SPEED REDUCER 


ere Ajusto-Spede® Drives, part of a family of diversified Ad . S 
eddy-current equipment, provide an economical solution to many 
adjustable speed drive problems. Al 

The Fractional Horsepower Ajusto-Spede, a single package design, g 


combines an AC constant speed induction motor, eddy-current Constant torque speed range: 25 to 1 
coupling, and electronic control. Standard modifications provide for with either 1600 RPM or 3200 RPM 
the addition of electrically operated fail safe friction brakes, or speed Ajusto-Spedes. 


reducers with numerous gear reduction ratios. Control accuracy: 2 per cent of top 


Fractional Horsepower Ajusto-Spede Drive power is taken directly “—e at any point within the speed 
; ‘ r ‘ 

from 115/220 volt, single phase or 220/440 volt, 3 phase lines. a a ; 

Sizes are 4, 3, 2 and 3 horsepower at 1600 RPM; 1/2, 3/4 and Minimum wiring to power line. 

1 horsepower at 3200 RPM. Remote “one knob” control operation 

up to 100 feet. 

Rugged plug-in type integral one- 

tube electronic control. 

Gear reductions with 10 ratios between 5-to-1 and 100-to-1 are sup- %* Permanently sealed grease-packed 

plied with 1600 RPM and 3200 RPM Ajusto-Spedes, bearings. 


Friction brakes for quick stopping or fast cycling operation are 
furnished in two capacities—1'/2 and 3 pounds feet of torque. 


For more detailed information, write for your free copy of the 
Dynamatic Fractional Horsepower Ajusto-Spede Bulletin, FAS-6. 


DYNAMATIC DIVISION 
E 2 On MANUFACTURING COMPANY 
i 3307 FOURTEENTH AVENUE e KENOSHA, WISCONSIN 
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i 
Dasa Lis: 


CSE ee ee Screw © 
RP MH eR UT 422, 20 Vat 


Di f Ilir 


SIMPLEST « HERMETICALLY SEALED her Bot ba 


Cincinnati 6, Ohi 
Reproducer Corr 
New Rochelle N y 
, Core eo 


Mac et it 
DELAY RELAYS 


2 to 180 Seconds 


tere my MCMC LCL A LL 
A.C., D.C, or Pulsating Current. 


Hermetically sealed. Not affected by 
altitude, moisture, or climate changes 


SPST only—normally open or closed 


Compensated for ambient temperature 
changes from —55 to +-70 C Heat- 
RELAY ers consume approximately 2 W. and hicago 1, 
may be operated continuously. The units eveland 1. Ohio’ (1 , ooo on 
| | | | are rugged, explosion-proof, long- "42, Mase E a 
: lived, and—inexpensive! 


Washers—F lat 


Also — Amperite Differential Re- TYPES: Standard Radio Octal, and 9- Lock and Snap Assemblies 
TH Ru eu ee ee ane 
der-voltoge or under-current protection Standard Delays 


PROBLEM? Send for Bulletin No. TR-81 


EEE RY 
REGULATORS 


Pre-Assembled Washers and Screws 


Amperite Regulators are designed to keep the | 4) Continental Screw Co. New Beator 
ationa sx co ockford. I 


MUM RCCL mc Lae Bp keproot Div. of Illinois 1 
CM CUT Me Lm CL) a ( 
For currents of 60 ma. to 5 amps. Operate born. Chi 
on A.C., D.C., or Pulsating Current. 12, Mass 
Recessed Head Screws 


SAS) | _ nee ar Socket Screw Div ate FIBRE, PHENOLIC. See Pia 
~ mr . ng, Lamina Casting a Extr 


! tt Copper Gorn, Welarbury 30. Co | 
AMPERITE ntinental Screw Go. New I i FIBRE, VULCANIZED. (Beard Sheet 


H M 8204 


REGULATOR ror G — ontinental-Diamona Fibre 


| me it Cory r The Budd Co., Newark 


LT AC 


lation Manufacturers ( 
ton Bivd Chicago € 


BATTERY V 


1 AMPERITE 
OES Vulcanized Fibre Co 


Parker -Kalor Div ne mer rvauldi Fibr Co Ir 
y] Transportatior orp ntir d lif . 
fs) . tor x. J , ers Fibre Work 
. Russel Burdsall & Ward Bolt and Nut . te] , Mict 

Chester, N. ¥ Taylor Fibre Co.. Norristown, Pa 

roof = ” Illinois Tw« Works est Virginia Pulp and Paper (« 

- Charle ul gir ar € € re 17 . 
Hermetically sealed, they are not affected by changes in ate tendard Pressed Steel ¢ iene a stahhagelseade 
: FILTER ELEMENTS, POWDERED 


ambient temperature (—55 to —-90 C), or humidity ieee terling Bolt Co., 363 bie. iibena are 


light, compact, most inexpensive List Price, $3.00. rhompson- Bremer ts Amplex Div., Chrysler Corp., Detro 
Machine & Mict 
Radio Core ! 9510 Tulley 


Write for 4-page Technical Bulletin No. AB-51 horn, Chicago 10, HM,” Lawn, Il 


Rivets 
y| Aluminum Co of America, 2241-D Alcoa FILTERS. RADIO 
Bldg P burgh 19, Pa Aerovox Corp., New Bedford, Ma 
MPERITE CO. Inc., 561 Broadway, New York 12, N.Y. 1ase Brass & Copper Co.. Sub, of Kenne- Audio Development Co., 2836 18th Ave 
tt Copper Corp Waterbury 20, Conr Minneapolis 7 Minn 
BCT ree EL) go Rivet & Machine Co., 948 8. Cornell-Dubilier Electric Corp Sout! 
25t Ave Bellwood, Ill Plainfield, N. J. 
' ~ ents Screw Co New Bedford, General Wilectric Co Apparatus Sale 
n Canada: Atlas Radio Corp., Ltd., 50 Wingold Av Toronto 10 : ie etemetels MT. 
f Illinois Tool Works, 195 Mallory & Co., Inc P. R., Indianapolis 
Des Plaines, Ill 6, Ind 
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Mo 


EVEN THIS DA VINCI DESIGN COULD HAVE BEEN 
BETTER WITH HELP FROM AN &)/<!)F ENGINEER. 


The kind of bearings your engineer recommends depends solely on your re- 


quirements, not on what he has to offer. That's because the line includes all 
four basic types of ball and roller bearings in many thousands of sizes. This gives 
him the kind of flexibility he needs to keep an open mind on any bearing problem. 
Give your problem to 


EVERY TYPE-—-EVERY USE 


BRF INDUSTRIES. INC... PHILADELPHIA 32 PA 
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HIGH TEMPERATURE Wes 


COMPLEX SHAPES 


METAL INSERTS 


SUPERIOR ARC 
RESISTANCE 


NON-TRACKING 


DIMENSIONALLY 
STABLE 


NO COLD FLOW 
ACCURATE 
MACHINABLE 
COLORS AVAILABLE 
OIL RESISTANT 


HE plate rheostat moldings shown above 

are typical examples of the suitability of 
ROSITE moldings for high temperature uses. 
Complex in shape, with metal inserts (terminal 
straps), these parts are cold molded by Rostone 
in three different sizes to close dimensional 
tolerances. In service, wire resistor elements 
lay directly against the 
moldings. 


surface of these 


ROSITE is a low cost “stone-like” material 
that has proved its worth for Rheostat Parts, 
Overload Relay Bases, Range and Heater 
Terminals, Resistor Cores, Grid Spacers, Weld- 
ing Electrode Holders, and many other parts. 
ROSITE moldings are produced in a wide 
variety of sizes and shapes. 


Rostone Corporation offers a complete service: 
(1) ROSITE moldings using compounds* 
formulated to meet user’s requirements; (2) 
Die design engineering; (3) Custom molding of 
parts to meet production schedules. Inquiries 
are invited. 


*Inorganic and organic 


\ Ask for Bulletin 100. 


Product of 


ROSTONE CORPORATION 
Engineers and Custom Molders 


2405 S. Concord Road ° 


330 


Lafayette, Indiana 
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Sprague Electric Co., 307 
Adams, Mass 

Tobe Deutschmann Corp Norwood 

United Transformer Co., 150 Varick 
York 13, N. Y¥ 


Marshall, North 
Mass 
New 


FINISHES, 


Enamels 


PRODUCT. See 
Paints and Varnishes 


Lacquers 
Finish 


FLUORESCENT, LAMP AUXILIARIES 


includes Adapters, Ballasts, Compensa- 
tors, Control Units, Starters and Trans- 
formers. For Resistors, see Resistors, 
Instrument and Radio; also Capacitors 


Aerovox Corp., New Bedford 
Arrow-Hart & Hegeman Electric 
Hawthorne, Hartford 6, Conn 
Chicago Standard Transformer Corp., 
Addison, Chicago 18, Ill 
Circle F Mfg. Co., Trenton 4, N. J 
General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 
Sola Electric Co., 4633 W. 16th, 
50, Il 
Sprague 


Mass 


Co,, 1038 


Chicag« 


Electric Co., 307 
Adams, Mass, 

Sylvania Blectric Products Inc., 
Broadway, New York 19, N, Y,. 

Westinghouse Plectric Corp 
Cen Bldg. No. 3, 401 
Pittsburgh 30, Pa 


Marshall, Nort! 


1740 
Gateway) 


Liberty Ave 


FOILS, WIRE MARKING 


Machine (< 
Hollywood Ss, Calf 


Kingsley 
Cahue a Bi 


Stamping 


FOOT SWITCHES. See Switcl 


FORGINGS 


American Brass Cx 
Brass & ¢ 
necott Copper 
Conr 
Philadelphia Bronze & Brass 
R. Mallory & Cx 
ter, Philadelphia 2 
Copper and Brass m™ 230 
, New York 17, N. Y. (Non-ferrous 


Waterbury 
opper Co., Sut 
Corp., Waterbury 


(Chase 


FREQUENCY METERS. See Instrument 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Omaton Div., Norwalk 
uw 
wsmann Mfg. Div 
St. Louis 7, Mo 
Holub Industries, In 
Ii 
Ideal Industries, Inc 
Sycamore il 
Iiseo Corp Dept. F-4 4730 Madis« 
Cincinnati Ohio 
s Div., Howard B., Cinch 
» 24 
lectric 


McGraw-Edison Ce 
445 Elm 


Sycamore 


1008-D Park Ave 


Mfg. Cort 
42°27 W. Lake 


Manufacturing Co., H. B 
Mict 


Bat 


Bur Corp Omaton Div Norwalk 


Sussmann Mfg. Div., McGraw-Edison Cx 
St. Louis 7, Me 
General Plectri ce 
Div., Schenectady 5 
Royal Electric Corp Pawtucket, R I 
Westinghouse Flectric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 

Pittsburgh 30, Pa 


Apparatus Sale 


GAGES, TEMPERATURE, 
and VACUUM 


Edison Industries, Thomas A 
Div., McGraw-Edison Cc 
N J 
Servomechanisms Inc 
Brook Westbury, L. I — = 
Weston Electrical Instrument Cort 
Sut of Daystrom Ine 614 Freling 
huysen Ave Newark 5, N. J 
eelco Instruments Div Barber -Colmar 
1403 Rock, Rockford, Il 


PRESSURE 


Instrument 
, West Orange 


Mechatrol_ Div., 17 


GALVANOMETERS. See Inst 


GASKETS 


Auburn Manufacturing Co., 306-I 
Middletown, Conr 

Chase Brass & Copper Co 
necott Copper Corp 
Conn 

Chicago Rawhide Manufacturing C 1279 
Piston Ave., Chicago 22, Ill 

Crane Packing Co., 6424 Oakton, 
Grove, Ill 

Electro Tee Corp., 
N. J 

Goshen Rubber Co., Inc, P. O 
Goshen Ind 

Jotins-Manvi 
a 

Raybestos-Manhattan, In Plastic 
ucts Div., Manheim, Pa 

Roth Rubber Co., 1860 S 
ago 50, Ill 

United States Gasket Co 
of The Garlock 
N J 

Western Felt Works 4021-4139 Ogder 
Ave Chicago 2% Il 


Stack 


Sub. of Ker 
Waterbury 


Morton 
South Hackensack 
Box 517 
Box 14, New York 16 
Prod 
54th 


Ave., Chi 


Div 
Camden 1 


*lastics 
Packing Co., 


GEARMOTORS. 


See Motors 
GEARS and PINIONS 
American Stock Gear 

Gear Co., Harvey, Ill 


Amplex Div Chrysler Corp., 
Mict 


Div., Perfection 


Detroit 31, 


Leaver Gear Works, Inc., 
Rockford, Il 

Bowmar Instrument Corp 
vania Ave., Ft. Wayne, 

Continental-Diamond Fibre, A Sut of 
The Budd Co., Newark 13, Del 

Fastex Div. of Illinois Tool Works, 195 

Algonquin Rd., Des Plaines, Il 

Gear Specialties Inc 2635 W Medil 
Ave., Chicago 47, Ill 

Gries Reproducer Corp 146 
Ave., New Rochelle, N. Y 

Merkle-Korff Gear Co., 211 
Chicago 7, Il 

Radio Cores, Inc 
Lawn, Ill 

Shakeproof Div. of Tllinois 
St. Charles Rd., Elgin, I! 

United States Graphite Co., 1621 
Saginaw 8, Mich 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


1035 Parmele 


2415 
Ind 


lennsyl- 


+ Bee 


hwood 
N. Morgar 


, 9540 Tulley Ave Oak 


Tool Works 


Holland 


GENERATORS. See Motors 


GENERATORS, ELECTRONIO 


Daven Co 536 W. Mt. Pleasant 
Route 10, Livingston, N, J 
General WBlectric Co Apparatus 
Div Schenectady 5, N. Y 
General Electric Co Electronics 
Electronics Park, Syracuse 
Howard Industries, In 
Racine, Wis. 


GERMANIUM DIODES. Sex 


Semiconductor; Transistor 
Dioce 


GLASS-BONDED MICA 


Continental-Diamond Fibre \ 
The Budd Co., Newark 1 Del 

General Electric Co., Laminated Pr 
Dept Coshocton, Ohio 

Mycalex Corp ” America, Clifton B 
Clifton, N. J 


GLASS-FIBER, YARNS, 


CLOTHS 
TAPE. 


Fabrics, Insulatir 


and 
See 


GLASS, TECHNICAL 


Corning Glass Works, 
Div Corning, N. Y 

Hermaseal Co., 1010 Mair 
Tubes 

Lancaster Glass Cx 
aster, Ohio 


Technical Pr 
Elkhart, Ind 
220 W. Main, Lar 


GOLD, ROLLED (Plate and Wire) 


Engelhard Industries Inc., America 
Platinum & Silver Di 23 N 
Railroad Ave Newark 5, N. J 

Engelhard Industries, In Chemical Di 
& Baker Platinum Div., 113 Astor 
Newark 5, N 

Ihard Industries, Inc H Wils« 
ri 2655 U.S. Rte. 22, Union, N. J 

General Plate Div Metals & Contr 
Corp 1904 Forest, Attleboro, Ma 

Handy & Harman, 82 Fulton, New York 
ee a 2 


GRAPHITE. See 


Carbon and 


GREASE, BEARING 


Dow Corning Corp., 
Silicone) 


GRIPS and CLAMPS, STRAIN RELIEF 
Fastex Div. of Illinois Tool Work 
Algonquin Rd Des Plaines, Il 
Heyman Mfg. Co., Kenilworth 1, N 
Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ill 
Walker Co., George 
Passaic, N. J 
Weckesser Co., 5 
Chicago 30, Til 


18 An 


terdam Ave 


Northwest Hig! 


GYROS 


Kearfott Co., 
N J 


HARDNESS TESTERS 
Opto- Metri Tools Ine 
New York, N, Y 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Blectronics Corp 830 8S ith 
Ave Chicago 50, Il 

Belden Mfg. Co., 46% Ww Va Buren 
Chicago 44, Il, 

Brand & Co., Inc., 
1, Conn . 

Cornish Wire Co., 50 Church, New 
? Y 


William, Willimantic 

York 
7, N 

Drake Manufacturing Co., 1711 W. Hu 
bard, Chicago 22, Ill 

General Electric Co. Construction 
rials Div., Bridgeport 2, Conn 

Phalo Plastics Corp Commercial & 
Foster, Worcester 8, Mass 

Switchcraft, Inc 1328 N 
ago 22, Ill 

Wire 
East 


Mate 


Halsted, Chi 


Stripper Co 1729 Eastham Ave 
Cleveland 12, Ohio 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., Northlake 
il 

Stromberg-Carlson A Div of 
Dynamics Corp., 117 Carlson 
Rochester 3, N. Y. 


General 


Rd., 


HEATING ELEMENTS and UNITS 

Anderson Controls, Inc., 2777 Mannheim 
Rad DesPlaines, Ill 

Cutler-Hammer, ‘Inc., 1264 St 
Milwaukee 1, Wis 


Paul Ave 


ELECTRICAL MANUFACTURING 





smoother product performance: G.S. Bevels 


Nobody argues with the old axiom, “Time is Money”—and 
it’s more and more costly to have assembly operations inter- 
rupted or slowed down by ill-fitting or defective parts. G.S. 
customers (whose roster reads like a Blue Book of American 
industry) don’t worry about such problems. They’ve learned 
that they can rely on famous G.S. precision manufacturing 
methods and rigid inspection systems for Small Gearing made 
right, every time—Gearing which meets demanding specifica- 
tions, makes assembly smoother, gives efficient performance 
in product use. 


Perhaps you use full-generated and hardened Straight Tooth 
Bevel Gears cut from alloy steels, like those illustrated (they’re 
used in outboard motors). Perhaps you need Spiral Bevels or 
Zerols. Whatever your requirements for Bevel Gearing, in- 


s 4 | 4 : cluding Helicals, Internals or other types, G.S. engineering 
pecia it i ie and G.S. quality belong on your production team! 
2635 WEST MEDILL AVENUE 

CHICAGO 47, ILLINOIS SEND FOR G5. technical data, free! See where and how we 


mass-manufacture Small Gearing to uniformly fine tolerances. Folder 

contains 23 pictures of Small Gears, plant view, as well as Diametral and 

; : ; ; 

SPURS © SURAAS ¢ SSUNEALA © GeUES © Entiabaaas Circular Pitch Tables. Ask for your copy on company stationery, please! 
WORM GEARING * RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


eer aerate nents G2 ‘Yeus of Specializing tr tn anal Gearing! 
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Now! End Cord and 
Cable eaianee here 


GRIPMASTE R 


STRAIN 
RELIEFS 


© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 


FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


SS Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 
BINDING SLEEVES — 


Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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Driver Ce Wilbur B 1875 McCarter 
Highway, Newark 4, N. J 
Genera Electric Co 
Di Schenectady 
Still-Man Manufacturing Corr 
64th New York 56, N. Y¥ 
n Electric Co. Danvers 
Electric Mfg. Co., 1362 
St. Louis 14, Mo 
! € Electri Cort 
N 401 
Pa 
Edwi L 
Pittsburgh 8, Pa 


Apparatus Sales 


HEAT LIMITERS 


Bussmann Mf Div McGraw 
s I i ‘ Mx 


HERMETIC SEALS. s 
mina Hermetic, 


HIGH-FREQUENCY HEATING 


Al imer Milwaukee 1, Wis 
yenera t ‘ pparat 


HIGH NICKEL ALLOYS. See Nick 
Nick Alle 


HOLDERS, COMMUTATOR BRUSH 


Midwest M & Mf ‘ Gurnee 
I 

M 
‘ 


IMMERSION HEATER UNITS 
Heatir Elements and Units 


IMPACT EXTRUSIONS, ALUMINUM 
i er-D 4 Aluminu Cory D 
EM Riverside Calif 


IMPREGNATING COMPOUNDS 
' Ins Sealir 


INDUCTION HEATING See 
H 


INFRA-RED LAMPS. See 


INSTRUMENTS. ELECTRICAL MEAS- 
URING AND TESTING 


Kinzie 
6000 Len 
Bluff 


lectr Corp Gateway 
N 401 Liberty Ave 
irgh 22, Pa 
Electrical Instrument Corp 
Daystrom, Inc 614 Freyling 
Ave Newark 5 N J 
r Di Barber-Colman 
Rockford, I 


INSTRUMENTS, ELECTRONIC. See also 
Oscll opes; Recorders, Oscillographic; 
Recorder Magnetic. 
serkele Db f 3eckmar 
Wright Ave 


Instruments 
Richmond 


strument Div. of Clevite Corp 
Perkins Ave Cleveland 14, Ohie 
aver ‘ 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 
Hewlett-Packard (Cc 1621M Page Mill 
Rd Palo Alto, Calif 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 
Industrial Test Equipment Cc 55 E. 11th 
New York N. ¥ 
Librascope, Inc., 808 Western Ave., Glen 
lale 1, Calif 
Magneti Amplifier In 632 Tinton 
Ave New York 55, N. ¥ 
Radi orp. of America, Dept. 0-44, Bidg 
‘ er N J 


175 Wyman, 


200 W. Einzie, 
trument Cc Bluff- 


Westinghouse 

sburgh 18, Pa 
nstrument Cory A 
614 Frelinghuy- 


Moseley Co 


INSULATING MATERIAcS 


INSULATION. WIRE and CABLE 
Ceramic and Synthetic 


IRONS SOLDERING 
Equit 


ISOLATORS, VIBRATION and SHOCK 
See M K ' s etic 


JEWEL LIGHT 


ASSEMBLIES See 
Lig P ator 


KNOBS. CAPS and HANDLES 
Davie Hart 


LACQUERS. ENAMELS. PAINTS 
VARNISHES., FINISHING 


Allied Research Product I 
E. Monument, Baltimore 5 
Aluminum ¢ f America, A 
Pittsburg 19 a 
Bake lite ¢ { len Carbide ¢ 
x) | 1 ev r 7 N. } 
Dow Corning rt Midlan 
Silicone Resir ar Varnishe 
du Pont de Nemours & Co 
Finishe Der Wilmingtor 
Sherwin-Wlllian Ce Genera 
Di Clevela Oni 


LAMINATED METALS. PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Brainin ¢ © Washingt Mt 
Vernor 

Engelhard Industrie Ir Chemica) Div 
& Baker ? t ) $ Astor 
Newark 

Engelhard Industrie Ir H. A. Wilsor 
Div 655 U.S. Rte 23 Unior N. J 

General Plate Di Metals and Contr 
Corp 904 Forest, Attleboro, Mass 

Handy & Harman, $2 Fulton, New 
B. BF 


LAMINATED PLASTICS. See Plastics 


ELECTRICAL MANUFACTURING 





“It is time for equipment reliability to ‘compete for 
management's attention against the issues of schedule 
performance and cost.’ ‘’— A. L. Hyland, Vice-pres., 
Hughes Aircraft, in Electronic Week, Jan. 20, 1958 


model *‘Redstone” missile 


BASIC RELIABILITY = 


Starts in the nerve system...wire! 


Eliminate the po ibility of wire failure These extra ste ps, howeve r, are Well worth the 
and you's e licked the first ‘‘if’’ of circuit 


time and effort. They give you a built-in safety 
Junctioning. factor—the factor of predictable dependability. 
At Hitemp Wires, Inc., Teflon* wire, cable and Hitemp Wires, Inc. products more than 
tubing must pass grueling countdowns. Rigid MIL specifications. 
inspections screen all incoming raw materials. The ability of Hitemp Wires, Inc. products to 
During and after insulating with the most . , . 
modern equipment, more than 30 electrical exceed the exceptionally high requirements of 


mechanical and environmental tests assure the military in virtually all key missiles lar- 
uniform high quality. 


antees wire, cable and tubing users in other 
Such exhaustive procedures of continuous fields the highest order of basi 
inspection and quality control are unequalled 
in the wire industry. 


t 


meet 


re liability. 
Write Department 968 today for 


more infor- 
mation and our newest catalog. 


Du Pont’s trade name 


for Tetrafluoroethylene 


HITEMP WIRES, INC. 


Ga 1200 SHAMES DRIVE, WESTBURY, NEW YORK 
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Lead wires on this 5 hp, 3 phase, 440 volt, 
1150 rpm motor are Silastic covered. Silastic 
assures long insulation life and safe handling 
of current peaks that could burn ordinary 
insulating materials. 


daa i j 


SILASTIL insulation resists heat 


Here’s a wire and cable covering that can handle tough- 
For resistance to fuels, oils and. wri ae ee are a Silastic*, the Dow Corning 
8 Ottact: silicone rubber, withstands temperatures from —130 to 
Solvents, specify Silastic LS 500 F, and provides a flexible, waterproof coating of 
high dielectric strength. Resistance to arcing, ozone 
ae : and corona are excellent. Almost any leaaing wire 
Get latest data on Silastic. Mail coupon today manufacturer can supply you. 


Dow Corning Corporation, Dept. 454 Typical Properties of Silastic for Wire and Cables 


fidland Michiaa 
Midland, Michigan 


Please send me latest data on Silastic Temperature range, °F —130 to 500 

Tensile strength, psi 600 to 1500 
Elongation, % 150 to 450 
Insulation resistance, megohms/ 1000 ft 1000 to 3000 
Dielectric strength, volts/mil 300to 500 


Dielectric constant, 10? cycles 
per second, nominal 3.2 














If you consider ALL the properties of a silicone rubber, you'll specify SILASTIC 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 
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LAMINATIONS, MOTOR and 






production; Molding, Plastic; Rivet 
TRANSFORMER Setting; Screw Driving; Strippers, 
Magnetic Metals Co., Hayes Ave, at Wire; Vibration Test, 
2lst, Camden 1, N, J 





Magnetics, Inc., Box 391 ; 
Thomas & Skinner, Inc., 
Indianapolis 7, Ind. 





Butler, Pa. MAGNETIC AMPLIFIERS 
1114 EB, 23rd Airpax Products Co., Fort 
Fla 

Berkeley Div. of Beckman 
Inc 2200 Wright Ave., 






Lauderdale, 





Instruments, 


LAMPS, FLUORESCENT Richmond 3, 















General Electric Co., Nela Park, Cleve- Calif 
land 12, Ohio Control, Box 391, Butler, Pa z 
Westinghouse Electric Corp., Gateway Fidelity Instrument Corp., 1000 E 
Center, Bldg. No. 3, 401 Liberty Ave., Boundary Ave., York, Pa 
Pittsburgh 30, Pa General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y } 
LAMPS, INCANDESCENT and Kearfott Co., Inc., 1378 Main Ave., | 
INFRA-RED Clifton, N. J 








: - Magnetic Amplifiers, Inc., 632 Tinton 
General Electric Co., Nela Park, Cleve- Ave., New York 55, N. Y | 
land 12, Ohio Vickers Electric Div., Vickers Inc., 1803 | 
Westinghouse Electric Corp Gateway Locust, St. Louis 3. Mo. 
Center, Bidg. No. 3, 401 Liberty Ave., 





> ; Westinghouse Electric Corp Gateway | 
Pittsburgh 30, Pa, 
























Center, Bldg. No. 3, 401 Liberty Ave., | 
Pittsburgh 22, Pa 
LAMPS, MERCURY VAPOR 
General Electric Co., Nela Park, Cleve. MAGNETIC BRAKES. See Brakes, Mag- 
land 12, Ohio netic 
Westinghouse Electric Corp., Gateway 
Center Bldg No. 3, 401 Liberty Ave., MAGNETIC MATERIALS See Steel | 
Pittsburgh 30, Pa Electrical: Magnets, Permanent; Mag 
netic Recorder Components Powdered 
e LAMPS, MINIATURE (Pilot and Indi- Metal Products 
cator) 
General Electric Co. Miniature Lamp 
Dept Nela Park, Cleveland 12, Ohio MAGNETIC RECORDER Comrenrnrs 
Westinghouse Electric Corp Gateway Driver Co., Wilbur B.._ 1875 McCarter 
Center, Bldg. No, 3, 401 Liberty Ave Highway, Newark 4, N, J 





Pittsburgh 30, Pa, 





Minnesota Mining & Mfg. Co 


Electrical 
Products Div., 900 


Fauquier Ave., St 







ne Ce Paul 6, Minn. (Tape) 
LAVA. See Ceramics one Fareline y Dix ae eee 
LAYOUT FLUID ee a ( = 7 117 Carlson Rd., 
Dykem Co., 2303F N. 11th, St, Louis 6, 
Mo MAGNETIZERS and DEMAGNETIZERS 


LENSES, PRESSED GLASS 


Corning Glass Works, Technical Product 
Div., Corning, N, Y¥ 
Lancaster Corp., 220 W 


Radio Frequency Laboratories, In Boon- 
ton, N. J 





MAGNETS, PERMANENT 


Glass 


Main, 














7 ‘ Arnold Engineering Co Marengo, Til 
Lancaster, Ohio Magnetic Alloy % res) 
= General Electric Co., Metallurgical Prod 
LIGHTING FIXTURES ucts Dept., 11131 E. 8 Mile Ave., De 
Killark Electric Manufacturing Co., Van troit 32, Mich | 
Gaventer and Easton Aves., St. Louis 13. Indiana Steel Products Co., Valparaiso, | 
0, Ind 
Thomas & Skinner Inc 1114 E. 23rd 
LIGHTS, PILOT and INDICATOR Indianapolis 7, Ind 
Arrow-Hart & Hegeman Electric Co : , 
Hawthorne, Hartford 6 Conn o» 105 MAGNET WIRE. See Wire Magnet 
Cannon Electric Co., Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif MARKERS, IDENTIFICATION 
Crouse-Hinds Co., Syracuse 1, N. Y Brand & Co., Inc., William, Willimantic 
Dialight Corp., 44 Stewart Ave 


37. N.¥ » Brooklyn 1 


Conn 
Drake Manuf ac turing Co., 


National Band & Tag (© Dept, 9-254 














1711 W. Hub- | Newport, Ky 
_ bard, Chicago 22, Ill Natvar Corp., 207 Randolph Ave., Wood- | 
General Plectri Co., Miniature Lamp bridge, N, J. | 
Dept., Nela Park, Cleveland 12, Ohio | 
mess Manufacturing Co., 211 Bartholomew MARKING MACHINES and DEVICES 
2 ve., Hartford 1, Conn . (For marking Wire, Foil, Plates, ete) 
ees 1200 Elmwood Ave., Kingsley Stamping Machir Co 850 
Sharon ” es s . as ‘ , . 
Johnson Co., E ¥., 2331 Second Ave,, Cahuenga Bivd., Hollywood 38, Calif 





8.W., Waseca, Minn 
Pyle-National Co., 1388 N. Kostner Ave., 
Chicage 51, Ill 





MATERIALS HANDLING EQUIPMENT 





socket set screws... 








they're positioned 


Tonawanda 





Spaulding Fibre Co., Ine 
LUBRICANTS N. 


Shell Oil Co., 50 W. 50th, New York 20 
Ne Be 






MERCURY RELAYS. Sco Relays to predetermined torque or depth setting. 





MERCURY SWITCHES. See Switches 


LUBRICATORS, OIL and GREASE 


Gits Bros. Mfg. Co 1846 8S. Kilbourn 
Ave., Chicago 23, Ill 


Madison-Kipp Corp., 214 Waubesa, Madi 






METALS, LAMINATED. Sce 
Metals, Precious and Base 





Laminated 





cams, dogs, couplings and cranks. 










Cambridge Thermionic 











W. Lake, Chicago 24, II! 





MICA, MOLDED and LAMINATED 





M " x f rica i . . 
a - Bg America, Clifton Blvd (Sheets, Plate, Tape, Tubes, Rings, Bristol’s Hex Socket Screws 
Rajah Co., 35° Verona Ave., Newark 4 Segments, Washers, etc.) = 
N. J, Brand & Co., William, Willimantic, 
Sealectro Corp., 610 Fayette Ave., Mama 1, Conn 
roneck, N. Y. Continental-Diamond Fibre, A Sub. of 
Shakeproof Div. of Illinois Tool Works The Budd Co., Newark 13, Del. - os ~ 
St. Charles Rd, Elgin, Il, Ford Radio & Mica Corp., 536-540 63rd, 
Sherman Manufacturing Co., H. B., Bat- Brooklyn, N. Y 


tle Creek, Mich 

Thomas & Betts Co. Inc., 
Elizabeth 1, N. J. 

Thompson-Bremer & Co., Sub. American Washington Bivd., Chicago 6, Ill 


| 
| 
Machine & Foundry Co., 228 N. La Macallen Co., Bay Rd,, Newmarket, N. H, 
Salle, Chicago 1, Ill. | 


MICA UNDERCUTTERS 


General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 
Insulation Manufacturers 


28 Butler 











Corp., 565 W. 











aN Oe 
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MACHINES. See specific headings: Ideal Industries, Inc., 


1008-D Park Ave., | 
Balancing; Coil Winding; Drafting Re Sy 


amore, Ill. . 
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Now... 


standard 
socket set 


SPEED SMALL 


Here’s the fastest way to insert and drive standard Bristol 
screws are inserted and driven at an 


seine "> cd 1001 N. Rick * Continental-Diamond Fibre, A Sub, of | 0 h ' 
‘ e ‘0 0 I chards i The Budd Co., Newark 13. Del | ¢ + per hour! 
waukee 12, Wis. National Vulcanized Fibre Co., Wilming average rate of 18004 P a tomaticall 
ton 99, Del aT CK screws. u 
LOCKNUTS and LOCK WASHERS. Robbins & Myers, In Crane & Hoist Just load hopper with socket set y 
See Fasteners Div., Springfield, Ohio 


correctly and fed to the bit of the power 
screwdriver. Then they’re inserted in tapped hole and tightened 


Fast Production. . . of set-screw fastened parts like pulleys, 
impellers, fan blades, knobs, collars, gear sprockets, bearings, 


son 10, Wis METALS, PRECIOUS, See Gold; Lami No special screws required. Takes standard Bristol Hex or 
ee ee ee Multiple-Spline socket; cup, flat, oval, cone or half-dog point. 

LUGS and TERMINALS METALS, RARE = J il ame (easil 

sr rmorporated, 5284 Eisenhower Bivd., Engelhard Industries, Inc.. H. A. Wilson Uniform torque settings. Drives all screws to s y 
~ mes . . : Div., 2655 U.S. Rte. 22, Union, N. J : ? ue. 

Bu cooae Moeeers at Poo, oe : onn. Fansteel Metallurgical Corp North Chi adjusted) pre set depth or torq . tl \ 2 of screws 
i niles € ‘Ox s orp 225 ¢ o, Tl . ‘ r lo 

phoule 22, Hillside, Nod.” Mailery & Co., Inc., P. R., Indlanapois | Reduces operator fatigue. Stops too : 
Conn . laton iv orwal 6. Ind 


Eliminates cross-threading. Quick change-over for dif- 


are Cambridge 38 MR, 28 Concord METERS, HOUR ferent sizes. Reduces floor area needed for assembly. 
art Manufacturing Co., 211 Bartholomev Haydon Div. of General Time Corp., 2528 | : . * : 
nat: Hartford |. Com ee ain, Seertnnten, Coen. , | Get complete data on this outstanding mass yao oe 
eyman g. Co., Kenilworth 1, N. J Hobbs Corp., John W., Div. of Stewart- | : j i “ng artmen 
taco" Corps” Dept ee ee es Yue te, buen today. Write to the = eee ep > 
» Cincinnati 27, Ohi field, Ill —_s ¢ ress € . 
a we BE. F. 233 ; Second Ave Industrial Timer CEs. 1411 McCarter Socket Screw Division, at the a 
5.W., Waseca, Minn Highway, Newark 4, N. J iat al i i 5 Ss. 
Jones Div., Howard B.; Cinch Mfg. Corp 7 +Assembly speed varies with factors such as time patos to present parts, 
cues eek a MICA, GLASS-BONDED. See Glass screw thread pitch, length of screw, and depth of insertion. A.8.4 
rueger & Hudepohl, 1043 Evans, Cin ond Mic 
cinnati 4, Ohio Bonded Mica, 
Malco Tool and Manufacturing Co 4021 


Precision socket screw manufacturers since 1913 







Socket Screw Division 
Waterbury 20, Conn 






apply 


screws 





PARTS 
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MOTORS 


Miniature Timing Motors, Geared 
Subfractional, Under 1/20 Hp 
Fractional, 1/20, %4 Hp 

Integral, 1 to 744 Hp 

Integral, Over 714 Hp 
Gearmotors 

Generators § 


Low Voltages (Under 110 
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MICROPHONES MOTORS and GENERATORS 
l Ta 


MOUNTINGS. RUBBER and 
SYNTHETIC 


M 


PT ELT accuracy... ICROSCOPES. INSPECTION and oe 
trouble-free el tae-laul iis) Th MEASURING MOVEMENTS, CLOCK and TIMING 
timing, mixing, compounding, se ideetie eels,” i rick, eters 8. § 


ba h & Is , ‘ Ha n 4 Ww 1 Nor I 
Ha ID f Gener ‘ 


processing and similar operations! : Him, Torrington, Cont 
MOLDED INSULATION and MOLDED wame and INSTRUCTION PLATES 
: , i PRODUCTS. See Cera M P ; ae ates ar ae 
Sound, practical design, quality components and 8; Rubber — Paxe 


Lanca on 


precision-controlled assembly insure the long-lasting MOLDING MACHINES, PLASTIC Se a ene. 
dependability of ZENITH Multi-Circuit Timers. 2 ae ae an 


; aa hen a ake tland NICKEL and NICKEL ALLOYS 
They are specified as standard components in sale Macdinuy Ge. S188 Preim (Red, Sheet, Tubing, Wire) 

> 2 : 5 : Glosuiuea 35 er Srass ( Waterbur 
countless commercial and industrial applications, ag 


as well as laboratory equipment and home appliances. = 
Can be supplied in practically any time cycle aa ee 


als a 


and with any number of switches. Available Fansice! | Met 
without synchronous motor for elevator | Mallory & ¢ 
° ° ° t I 
control, limit switch, etc. 
} MOTOR BASES, ADJUSTABLE 
IMMEDIATE DELIVERY IN ANY QUANTITY... meee pile Ss eee. eo L Wis 
Request bulletin. 5 : eae i 


Lake Chicago 44 Il 
See classified telephone directory 


MOTOR CONTROLS and STARTERS. Sex 
for name of local distributor . 


ntroller Motor; Push Button Sta 
ions 


ZENITH ELECTRIC co MOTOR GENERATOR SETS 
= 


Kato Engineering Co., 128 Maxfiel Ave 


Mankat Minn NICKEL-SILVER 


152 W. WALTON ST. ee | aie ae ete ke ie ampepie Reem On, eee 


Sa Fe Ave La Angele ms, Ca American Brass ©o., Waterbur 
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A new standard in 
HYSTERESIS 
MOTOR DESIGN 


Pee canes RRR ac 
Exacting Requirements. 


@ Low Noise Level approaching 
Teall el tiae | 


t Teams lad Be) cold -mrerg 
instantaneous efficient 
operation. 


SPECIFICATIONS *! -'— a A new era of electronic enterprise continues to place greater and 
greater emphasis upon engineering design and creative production. 

WC2913H ~— WC2913H-1 ** ; New tape recorder and turntable applications have required hys- 

Turntable ~ “Tape Recorder ; teresis motors unusually precise in their performance, rugged con- 

Volts 115 115 struction to withstand continued use, built within smaller and 
CPS 60 -{ smaller frames ...all this to meet the competitive price require- 


Watts Input 21 tT ments of the end product. 
Amperes .25 : 


Number of Poles 4 +> A large order— but Induction Motors has done just that in its line 
RPM 1800 ‘pe of hysteresis motors—compact in size, precision manufacture with 
H.P. 1/150 ls assured reliability. Typical of these design achievements are the 
-T.P.1. (oz. in.) 3.0 3-15 types which today find themselves in such fine recorders as those 
T.P.O. (oz. in.) +o ~ made by Ampex. 
T.ST. (oz. in.) 2. 
Capacitor (mfd) Induction Motor’s reputation of quality has been proven over the 
220 Volts A. C. ) : years in their manufacture of a complete line of precision sub- 
| Weight 1 Ib. fractional horsepower motors. 


For complete information on IMC hysteresis and torque motors 


2S, Wri . 
wall specifications oré relative to freme-| for tape recorders and turntables, write for catalogue HT. 


size. The hysteresis series is available in ; . 
seven frome sizes from 44" diemeteér fo oT 
Ay’, ; oy. i 


; i af > 
| | SS 
**Can be supplied with magnetic shield- ~ ay 


ing (Mu - Metal) 


induction Motors Corp. 


970 Main St., Westbury, L. I., N. Y. © Phone EDgewood 4-7070 
Circle 336 on page 17 





DID YOU SAY 
RUBBER PARTS 


WITH 


HIGH THERMAL 
STABILITY? 


that's right! 
STALWART 


SILICONE 
rubber parts 


resist 


temperatures 


from -160°F. to +600°F. 


v 
fl 
r 


...and here’s more good news for 
design engineers! Stalwart can re- 
place heavy, awkward designs with 
precision-made silicone rubber 
parts that are lighter and smaller. 


Stalwart engineers will work close- 
ly with you to produce Silicone 
parts to meet your most exacting 
specifications. For special applica- 
tions, Stalwart can supply fabric- 
inserted shapes. Silicone shapes 
also can be covered with Nylon, 
Dacron, Orlon and fiberglass. Parts 
can be supplied in realistically- 
priced production or job-lot quan- 
tities. 


Discover for yourself why more 
and more design engineers are spe- 
cifying Stalwart Silicone rubber 
parts. Write today for Bulletin 
56-SR-3. 


TALWART 


RUBBER COMPANY 
Main Office: 
197 Northfield Road, Bedford, Ohio 


Manufacturing plants in Jasper, Georgia 
and Bedford, Ohio 
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Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, 
Conn. 

Revere Copper and Brass, Inc., 
Ave New York 17, N, ¥ 
Riverside-Alloy Metal Div., H, K 
Co Inc., Riverside, N. J 
Seymour Manufacturing Co., 

Conn 


230 Park 
Porter 


Seymour, 


NUTS. See Fasteners 


OHMETERS, See Instruments 
OILERS. See Lubricators, Oil and Grease 
OSCILLATORS. See Instruments. 


OSCILLOSCOPES. See also Instruments 
Electronic; Recorders, Oscillographic 
General Electric Co., Apparatus Sales 
Div Schenectady 5, N, Y 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air 
port Sta., Los Angeles 45, Calif. 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, N. 

Simpson Electric Co., 5200 W. 
Chicago 44, Ill 

Weston Electrical Instrument Corp A sul 
~ Daystrom Inc 614 Frelinghuyser 
A ve Newark 5, N. J. 


Kinzie 


PACKING. See Gaskets, 


PAINTS. See 


and Varnishe 


Lacquers, Enan 
Finishing 


PALLADIUM. See 
inum Products. 


"latinum and 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 S. Second 
waukee 4, Wi 

Arrow-Hart & Hegeman Electric CC 
Hawthorne, Hartford 6, Conr 

Clark Controller Co 114¢ E 152nd 
Cleveland 10, Ohio 

Cutler-Hammer Inc 
Milwaukee 1, Wis 

Eagle Signal Corp., 
Tl 

General Electric Co. Apparatus Sales 
Div., Schenectady 5. N. Y 

Heinemann Electric Co., 99 Plum, Tren 
ton 2, N. J 

Square D Co 4041 N 
waukee 12, Wis 

Ward Leonard Electric Co., 34 
Mount Vernon, N. Y 

Westinghouse Blectric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 

Wheelco Instruments Div 
Co., 1403 Rock 


1264 St. Paul Ave 


202 20tt 


Moline 1 


Richard Mil 


South 


Barber-Colmar 
Rockford, Ill 


PANELS, DIAL. See Dials and Panels 


PANELS, SHEET STEEL 
Metal Fabricators 


PAPER INDUSTRIAL 

Cottrell Paper Co. Ine 88 
Fall River, Mass 

Mosinee Paper Mills Co. Mosinee, Wi 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. ¥ 


Purchase 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave New 
Haven 14, Conn 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13. Del 

Cottrell Paper Co., Inc 88 Purchase 
Fall River, Mass 

Dennison Manufacturing Co 
Framingham, Mass 

General Electric Co., 
Decatur, Ill 
Insulation Manufacturers Corp., 565 W 
Washington Bivd.. Chicago 6. Ill 

Irvington Div Minnesota Mining & 
Manufacturing Co 9 Argyle Terrace 
Irvington 11, N. J 

Johns-Manville, Box 14, New York 16 
N. ¥ 

Mosinee Paper Mills Co., Mosinee, Wi 

National Vulcanized Fibre Co., Wilming 
ton 99, Del 

Natvar Corp 207 Randolph Ave., 
bridge, N. J 

Spaulding Fibre Co Inc., 
N Y¥ 

West Virginia Pulp and Paper Co., 230 
Park Ave New York 17, N. Y 


300 Howard 


Plastics Dept 


Wood 


Tonawanda 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 


Ovalid, A Div, of General Aniline & 
Film Corp., Johnson City, N. Y. 


PAPER TRACING. See Tracing Cloth, 
Film and Paper 


PERMANENT MAGNETS. See Magne 


Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co Sub. of Ker 
necott Copper Corp., Waterbury 20, Conn 

Mallory & Co., Inc P. R., Indianapolis 
6, Ind 

Miller Co., Meriden, Conn 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y 

Riverside-Alloy Metal Div., H. K 
Co., Ir Riverside, N. J 

Seymour Manufacturing C¢ 
Conr 


Porter 


Seymour 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus 
Div Schenectady 5, N. Y¥ 
electric Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N, Y. (Photoelec- 
tric Tubes) 

International Rectifier Corp 1521 E 
Grand Ave., El Segundo, Calif 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, N. J 

Vickers Electric Div Vickers Inc 1803 
Locust, St. Louis 3, Mo, 


PHOTOELECTRIC CONTROLS 


General WBlectric Co., Apparatus Sales 
Div Schenectady 5, N : 

Mercoid Corp., 4201 Belmont Ave., Chic 
41, Til 

Photobell Co, Dept. EM-12, 43 
New York 7, N. ¥ 

Westinghouse Flectric Corp 
ter Bldg No. 8, 401 
Pittsburgh 30, Pa, 

Weston Electrical Instrument Corp A 
sub. of Daystrom, In 614 Frelinghuy- 
sen Ave Newark 5, N. J 


Sales 
(Photo 


ago 


Vesey 


Gateway Cen 
Liberty Ave., 


PILLOW BLOCKS, See Blocks, Pillow 


PINS, COTTER and 
Fasteners. 


LOCK See 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics 


PLASTICS, MOLDERS, 
and FABRICATORS 


Ace Plastic Co., 91-64 Van Wyck Express 
way, Jamaica 35, N. Y 

Admiral Corp Molded Product Div., 
P. O. Box 388, West Chicago, I) 
American Insulator Corp New Freedom 
Pa 

Anchor Plastics Co., I 6-36 36th 
Long Island City 6, N. Y 

Auburn Manufacturing ( 06-I Stack 
Middletown, Conn. 

Barber-Colman Co., 1803 Rock 
Tl 

tjorden Co 
bara, Calif 

Brand & Co., Inc 
Conn 

Chicago Molded Products Corp 1024 
North Kolmar Ave Chicago 51, Il 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

Cosmo Plastics Co., 3239 W. 14th 
land 9, Ohio 

Crane Packing Co., 6424 Oaktor 
Grove Il 

Davies Molding Co 
Wells, Chicago 10, Ill 

Formica Corp., Sub. of American Cyanamid 
1521-7 Spring Grove Ave Cincinnati 
823, Ohio. 

General Electric Co 
Decatur, Tl 

Gries Reproducer Corp 149 Beechwood 
Ave New Rochelle N Y 

Irvington Div Minnesota Mining & 
Manufacturing Co. 9 Argyle Terrace 
Irvington 11, N, J 

Kurz-Kasch, Inc., 1419 8. Broadway, Day 
ton 1, Ohio. 

Midwest Molding & Mfg. Co 
Il} 

National Vulcanized Fibre Co 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave 
bridge, N. J 

Northern Plastics Corp., 2nd & 
La Crosse 5, Wis 

Phalo Plastics Corp. Commercial & 
Foster, Worcester 8, Mass 

Raybestos-Manhattan, Inc Plastic Prod 
ucts Div Manheim, Pa 

Richardson Co., 2799 Lake, Melrose Park 
Til 

Rogan Brothers, 8027 N_. Monticello Ave 
Skokie, Til 

Rostone Corp., 2405 8. Concord Rd., La- 
fayette, Ind 

Spaulding Fibre Co Ine 
N 

Sylvania WBPlectric Products Inc., 1740 
troadway, New York 19. N. Y¥ 

Synthane Corp 17 River Rd., Oaks, Pa 

Taylor Fibre Co., Norristown, Pa 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1 
ae 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30, Pa 


EXTRUDERS 


Rockford 
Resinite Dept Santa Bar 


, William, Willimanti 


Cleve 
Mortor 


Harry 1428 WN 


Plastics Dept 


Gurnee, 9¢ 
Wilming 
Wood 


Market 


Tonawanda 


Gateway Cen 
Liberty Ave 


PLASTICS—MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound 

Cellulose Acetate 

Cellulose Nitrate 

Diallyl Phthalate 

Hpoxy Resins 

Ethyl Cellulose 

F lourocarbons 

Melamine Formaldehyde 

Methyl Methacrylate 

Nylon 

Pherolics 

Plastisols, 

Polyethylene 

Polyester Resins 

Silicone Resins 

Styrenes 

Urea Formaldehyde 

Vinyl Acetal 

Vinyl Alcohol 

Vinyl Chloride 

Viny!-Chloride 
Vinylidenechloricde 

Vinyl Chloride Acetate 

Vinylidene Chloride 


Viny! 


American Cyanamid Co Plastics 
Resins Div 3D ~=Rockefeller 


New York 20, N. Y (CQJ 
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Because Safety was a MUS! 
in this Oil Treating Plant... 
KILLARK 

was FIRST choice 


One of the oil treating machines in the Hudson Oil ¢ 
Company plant in Kansas City, Kansas. Killark 
Explosion-Proof Fittings include the flexible cou-e e 
pling seen at center and junction boxes on ceiling. 


KILLARK 


= ; 
tel ey iT ayers 


Offer Top SAFETY + STRENGTH - 
RUST and CORROSION RESISTANCE 


When the electrical contractor for this installation of oil treating equipment was 
ready to put in the explosion-proof fittings required for the job, he chose the name he 
knew and trusted for first-rate safety and construction—KILLARK. 


KILLARK Explosion-Proof Fittings are designed for strength and durability on the 
job ... constructed of exclusive Alumalloy for non-sparking safety as well as long 


no-rust, no-corrosion life. 
Push button and pilot light units for operating oil 
treating machines. The ultimate in designed safety 
and durability. 


a 
Tmt 
_ = 


Bt 


\ 
| _ 
—_ 


Wee. a es 


These “start” and “stop” stations will control 
operations in other parts of the plant now under 
construction. 


For safety first...always specify 
KILLARK first. 


ELECTRIC MANUFACTURING COMPANY 


Vandeventer and Easton Aves. St. Louis 13, Missouri 


Loyd, Inc. RUIN «nis occa ce wtnce at Harry P. Smith Co. 

ee. eres nog 3 TacCourt Co. New York City W. J. Wickenheiser Co. 
Electrical Agencies, Inc. Riecher Electric Sales Co. Philadelphia Harry G. Anschuetz Co. 

Eberhardt Electrical Sales Kansas City, Mo....Wm. B. Terry Organization h Kenneth Anderson Co. 

Harry J. Kahn Electric Sales WwW. C. McConkle Pittsburgh . Crescent Sales Co. 

Cincinnati L. Ehlers Co. los Angeles eee F. M. Nicholas Co. 
Columbus Glenn A. Henry Co. Milwaukee Northwestern Agencies, Inc. 


Circle 338 on page 17 





Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed. send us your requirements, and they 
will receive our most careful attention 


Extra KNOW-HOW 


for your specific design problems 


Reg 


LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURE 


Circle 339 on page 17 


reasons why 


you should specify 
T&B Sta-kon Terminals 


f) 


Sp 


HIGH CONDUCTIVITY... Pure electrolytic cop- 
per tongue. Long stake mark assures large 
contact area for low resistance and low volt- 

age drop. 
TIGHT, SURE CONNECTIONS... Serrated tongue and 
barrel never relax grip on cable. Once staked, 
T &B Sta-kon Terminals are on to stay. 
EASY TO INSTALL... without flame, heat or flux. 
A T&B Shure-Stake hand tool is all you need 
to stake terminal to cable...bench tools also 
available. 
CORROSION RESISTANT... Cable and barrel are com- 
pressed into a solid mass. There are no voids to 
, permit interior attack from corrosive agents or 
¥ atmospheres. 

/ AVAILABLE IN A COMPLETE LINE... Including “specials”. 

Wire sizes 22 to 4/0. Varied tongue styles and stud 
sizes, with and without insulation. 

For information on the complete line of T & B Sta-kon ter- 

minals send for your FREE copy of T & B Bulletin #82 today. 


T 321 
THE THOMAS & BETTS CO. 


INCORPORATED 


28 Butler Street, Elizabeth 1, New Jersey 
THOMAS & BETTS LTD., MONTREAL, P. Q., CANADA 


340 Circle 340 on page 17 


gton 99. De 
e ( Div 
0 BE. 42nd, New York 
HFHIMU\ 
rrett D Allie 

rp., New York 
ride Resir 


Mi 
land, Mict 
Ime 
Plas vchemicals ) 
W ‘ ADGKLPR 
Dure P t v Hooker Flectr 


k Rd., N, Tona 


wanda E : asting Resir 
Genera ectric 0. "last Dep 


PLASTICS 
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Co Wilmir 
& Mart 


Tonawanda 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts 


Bra ( 18 Washington, Mt 


istrie Ine American 
ver Di 231_N. J. Rai 

wark 5, N. J 

Chemical Di 

Div 113 Astor, 


H. A, Wilsor 
Union, N. J 
Metals and Control 
Attleboro, Mas 
Fulton, New York 
Y 


PLIERS and CUTTERS, WIRE 


Mathias, 7200 Met 


Klein & Sons 
ago 45, Ill 


Rd., Ct 


‘ormick 


PLUGS and JACKS, COMMUNICATION 

Audio Development Co 2836 18th Ave 
uth Minneapolis Minn 

Richard Blectrocraft Ir 4432-36 WN 
Ave Chicage 4 

raft Ir 1328 N 

‘ Ag 22 I 


PLUGS and RECEPTACLES 


Amphenol Hiectronics Corp., 1830 S. 54tt 
Ave Chicago 50, Ill 

Arrow-Hart & Hegeman Bilectric Co., 103 
Hawthorne, Hartford 6, Conn, 

Automatic Electri Sales Corp., 
lake, Ill 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Ill 

Cannor Electric Co., Dept 500 3209 
Humboldt, Los Angeles 31, Calif 

Circle F Mfg. Co., Trenton 4, N,. J 

» & Co., L. L., Route 46, Lodi, 


North 


Inc., 50 Church, New 
York 7 
Crouse-Hinds Co., Syracuse 1, N. Y 
General E ric Co., Construction Mate 
rials Div., Bridgeport Conn, 
Hart Manufacturing Co., 211 Bartholomew 
Ave Hartford 1, Conn 
Hubbell, Inc., Harvey, Bridgeport 2, Conn, 
Johnson Co E, F 2331 Second Ave., 
S. W., Waseca, Minn 


p 


SHEETS, RODS and TUBES 


Dy 


PNEUMATIC TOOLS and EQUIPMENT 


Gardner-De r { Q 
PORCELAIN. 8 ( 


POTENTIOMETERS. S« 
Alle Br é ( é 


waukee W 


‘ 


POTS and LADLES, MELTING 
General Elect ‘ Apparat 
D Schene y 

\ an Electric ( 


POWDERED METAL PRODUCTS. See 
Bear I ' Contacts. 


POWDERS, METAL 
hard Industr 


& Si 
New 


POWER SUPPLY UNITS 
America Tele & Radic 


Associate 
Laboratories, Ir 
Ave Chicago 
t Corr 000 E 


PUMPS 


Allis-Chalmer Mi 
Robbins & Myer 
Springfield, Ohi 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8. Secor 
waukee 4, Wi 

Allis-Chalmers 

Arrow-Hart & 
Hawthorne 

Automati 
lake, I 

Clark ¢ 


Clevelar iv 


Milwaukee Wis 
Hegeman Electric Co., 108 
Hartford 6, Conn 


Electri Sales Corp., North- 


troller Co. 14¢€ E 52nd 

Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y 

Cutler-Hammer Inc 1264 Bt. Paul Ave., 
Milwaukee 1, Wis 

Furnas Electric Co., 1024 McKee 
Ill 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y 

Micro Switch, A Div. of 
Honeywell Regulator Co., 

National Acme Co., i7€ E, 
land 5, Ohio 

Pyle-National Co., 
Chicago 51, Il 

Square D Co., 4041 N 
kee 12, Wis 


Batavia, 
Sales 
Minneapolis- 
Freeport, Ill. 
13het, Cleve- 
388 N. Kostner Ave., 


Richards, Milwau- 
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PRODUCT-DESIGN 


MEMOS FROM DUREZ 


Fiying saucer? 


This plastic housing helps airmen find out 
what's cooking on the roof of the world. 

It's part of a radiosonde, a device that 
has sparked many flying-saucer reports. 

Dropped from a high-flying weather 
reconnaissance plane over an ocean or 
arctic ice, the radiosonde flips its plastic 
lid, releasing a parachute. 

The ballooning chute yanks an antenna 
line out of the case. Then, as the device 
drifts groundward, it broadcasts a code 
report on air temperature, pressure, and 
humidity every six seconds. 

Picked up by radio men, these signals 
enable the Air Force to piece together ac- 
curate forecasts of flying weather over 
remote frontiers. 

The snap-off housing is molded of 
Durez 16771 Natural, selected for its im- 
pact strength and its ability to stand ex- 
tremes of temperature and humidity. 

In sharp contrast to the mass produc- 
tion of phenolic parts, this use of Durez 
suggests its ability to meet your out-of- 
the-ordinary requirements. 

If you’d like technical data on 16771 
Natural, check the coupon. For informa- 
tion on other special-purpose phenolics, 
write us, outlining the problem. 


Multipurpose molds 
rhe trouble with terminal blocks is—every- 
body wants them different. 

An answer to this problem has been 
discovered by Rohden Manufacturing Co., 
Inc., Chicago, suppliers of molded phe- 
nolic terminal blocks to industry. 

Plagued by the slowness and high cost 


APRIL 1958 


High-impact phenolic Multipurpose mold design 


Phenolic for appliances 


of providing blocks to match a wide range 
of customer requirements, Rohden engi- 
neers sat down with their customers and 
their phenolics molder, Suburban Plastics 
Company. 

Working together, they came up with 
a mold design that saves months of pro- 
duction time—and as much as three cents 
per unit on cost. 


Durez and the coffee- 
break 
Appliance makers can tel] you that wher- 
ever coffee perks, bubbles. or pours into a 
cup, there’s likely to be a Durez phenolic 
close by. 
Electrical components, handles, knobs 
—these are just a few essentials of a coffee- 
break, in which Durez molding com- 
pounds play an unassuming part. 
\ prime requisite for this sort of assign- 
ment is the ability of phenolic to resist 
Solid mold cavities with embedded coffee stains and chemical deterioration. 
cores, formerly used in molding the blocks, The appliance designer also looks for: 
were replaced with open outline cavities, @ excellent surface finish 
in which core pins are set into a plate. ® good dimensional stability 
Core pins are easily changeable—can be ®@ coolness to the touch 
located to suit varying circuit needs at ® crack resistance when molded around 
extremely low cost. large inserts 
As an added dividend, circuits can now 
be engraved during molding—eliminating 
a hot-stamping or marking operation often 
necessary with the solid cavities. nent shown here, an electrode assembly 
Durez phenolics are used in producing for a king-sized coffee maker and dis- 
these better, lower-cost terminal blocks. penser. 
Durez is specified for insulation qualities, For more facts on versatile 791 Black, 
strength, heat resistance, and appearance. check the coupon. 


If you’re looking for properties like 
these, you can find them all in Durez 79] 
Black. They’re exemplified in the compo- 


For more information on the Durez materials mentioned above, check here: 
() High-impact Durez 16771 Natural—data sheet 
CL) Phenolic molding compounds—descriptive bulletin 
() General-purpose Durez 791 Black—data sheet 


Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead.) 


CHEMICALS 
ee a ors 


PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


1304 Walck Road, North Tonawanda, N. Y. 


Circle 341 on page 17 





This new 28-page catalog 
saves time in selecting the right switch 
1 RES 


GIVES 
COMPLETE 
ENGINEERING 
DATA 


Complete engineering data 
on UNIMAX miniature and 
sub-miniature snap-acting 
switches enables the user to 
choose the right switch for the 
application. 

Switches included in the 
catalog are: miniature general- 
purpose, high-sensitivity, low- 
cost, reset-type, open-type, 
metal-cased, immersion-proof, 
AN/JAN switches, subminia- 
Operating ture snap-acting, panel-mount- 
characteristics ing toggle and pushbutton 
of each switch type, “feather-touch” pushbut- 
ton, environment-free, and 
special actuator-type switches. 


Photo of each 
switch type 


Detail drawing 
of each switch 


Electrical 
ratings 


Base and 
terminal data 


Write today for your copy 
of this new 28-page Unimax 
catalog of precision snap-act- 
ing miniature and sub-minia- 
ture switches. 


UNIMAX SWITCH 


7 Y r ‘ renee 


Switch term 
definitions 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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Stromberg -Carison A Div of 
Dynamics Corp., 117 
Rochester 3, N. Y, 

Ward Leonard Electric Co., 34 
Mount Vernon, N, Y 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


General 
Carlson Rd., 


South 


PYROMETERS 

Assembly Products, Inc., 75 Wilson Mills 
Rd., Chesterland 14, Ohio 

Weston Electrical Instrument Corp., A 
Sub, of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N. J. 

Wheelco Instrument Div. Barber-Colman 
Co 1403 Rock, Rockford, Ill, 


QUARTZ, FUSED 

Engelhard Industries Inc., Amersil Quartz 
Div., 685 Ramsey Ave., Hillside 5, N. J 

REACTORS. See Transformers, 


RECORDER COMPONENTS, MAGNET- 


IC, See Instruments. 


RECORDERS, COMPUTER. See In 


ments, Electronic 


RECORDERS, GRAPHIC 
See Instruments 


RECORDERS, OSCILLOGRAPHIC 


Midwestern Instruments, 41st and Sheri 
jan Rd, Tulsa, Okla, 
Sanborn Co., Industrial Div 

Waltham 54, Mass. 


, 175 Wymar 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp Rectifier 
Div North Chi Ill. (Selenium) 
General Electric ( Apparatus Sales 
Div Schenectady 5, N. Y. (Selenium, 
Copper Oxide, Industrial Germanium) 
General Electric Co., Semiconductor 
Products, Electronics Park, Syracuse 1, 
me Germanium Diodes, Germanium 

and Silicon Rectifiers) 

Hoffman Semiconductor, Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill 

International Rectifier Corp., 1521 3B 
Grand Ave., El Segundo, Calif. (Selen- 
lum, Germanium, Silicon) 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
Ind, (Magnesium-Copper-Sulphide) 
Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, 
N. Y. (Germanium Diodes, Selenium) 
Sarkes Tarzian, Inc., Rectifier Div., Dept 
M-3., 415 N. College Ave., Bloom 

ington, Ind 

Ther Electric & Machine Works, 11A 5S 
Jefferson, Chicago 6, Ill. (Selenium 

Trans-Sil Corp., 55 Honek Englewood, 
N. J 

Transitror Electronic Corp 
Mass. (Silicon) 

Union Switch & 
house Air Brake Co., 
Pa. (Selenium) 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St, Louis 3, Mo 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Wakefield, 


Signal Div Westing 
Pittsburgh 18, 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis 

Amperex Electronic Corp., 230 Duffy Ave., 
Hicksville, N. Y¥ 

Amperite Co., Inc., 561 Broadway, New 
York 12, N, ¥ 

Fitel-McCullough Inc., 

Electrons, Inc., 127 Sussex Ave., 
3, N, J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N, Y 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30, Pa, 


San Bruno, Calif 
Newark 


Gateway Cen 
Liberty Ave., 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor, 


REGULATORS, VOLTAGE. See also 
Transformers, Variable Voltage 

Acme Electric Corp., 354 Water, Cuba, 
N ; 

Allis-Chalmers, 

Amperite Co., Inc., 561 
York 12, N. ¥ 

Curtiss-Wright Corp., Carlstadt, N. J 
Fidelity Instrument Corp., 1000 E. Bound- 
ary Ave., York, Pa. 

General Electric Co., Apparatus 
Div Schenectady 5, N. Y 

Hoffman Semiconductor Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill 

R-B-M ‘Control’ Div., Essex Wire Corp., 
Logansport, Ind., 

Sola estate Co., 4633 W. 16th, Chicago 
50, Ill. 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 8, Ohio. 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo, 

Victoreen Instrument Co., 5806 
Ave., Cleveland 13, Ohio. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Milwaukee 1, Wis 
Broadway, New 


Sales 


Hough 


RELAYS and CONTACTORS 
AEMCO, Inc., 50 State, Mankato, Minn 


A’G'A Div. of Elastic Stop Nut Corp. 
of e. 1027 Newark Ave., Elizabeth 
& Westlake Co., 1168 N. Michigan, 

art, Ind. (Mercury) 

Advance Relays, A Dept, of Elgin Na- 
tional Watch Co., Elgin, Ill, 

Allen-Bradley Co., 1316 S& Second, Mil 
waukee 4, Wis, 

Allied Control Co., Inc., 
New York 21, N. Y. 
Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y, (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 
Rd., Des Plaines, Ill 
Arrow-Hart & Hegeman Blectric Co., 103 
Hawthorne, Hartford 6, Conn 

Automatic Electric Sales Corp 
lake, Ill 

Automatic Switch Co,, 50-M Hanover Rd., 
Florham Park, N, J 

Barber-Colman Co,, 1803 Rock 
Til. 

Bristol Motor Div., Vocaline Co. of 
America, Inc., 108 Coulter, Old Say 
brook, Conn, (Time Delay) 

Clare & Co., C, P., 3101 Pratt Bivd., 
Chicago 45, TIL 

Comar Electric Co., 3349 
Chicago 18, Il 
‘ramer Controls Corp., Box 8, Centerbrook 
Conn 

Curtiss-Wright Corp., 
Time Delay 

Cutler-Hammer In 
Milwaukee 1, Wis 

Durakool, Inc Elkhart, Ind Mercury 

E-T-A Products Co. of America, 5085 N 
Elston Ave.. Chicago 50, Ill 

Ebert Electronics Corn 212-05 Jamaica 
Are. Queens Village 28, N.Y. 
(Mercury) 

Edison Industries, Thomas A 
Div.. McGraw-Edison Co., 


N. J 
Electro Tec Corp., South Hackensack, 


2 Bast End Ave., 


Mannheim 
North- 


Rockford, 


Addison, 


Carlstadt N, J 


1264 St. Paul Ave 


Instrument 
West Orange 


Filtors, Inc., 30 Sagamore Hill Dr., Port 
Washington, L, IL, N. ¥ 

G-V Controls Inc., 8 Hollywood 
East Orange, N. J 

General Electric Apparatus 
Div., Schenectady 5, N, Y : 

Guardian Electric, 27-D W 
Chicago 12, Ill 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Haydon Co., A. W., 234 N, Elm, Water 
bury 20, Conn. ss 

Haydon Div, of General Time Corp., 2528 
Elm, Torrington, Conn 5 

Heinemann E'ertric ¢ 99 Plum, Trenton 
2, N. J. (Time Delay) : 

Jennings Radio Manufacturing Corp 970 
Mclaughlin Ave P. O, Box 1278, San 
Jose 8, Calif ; 

Kellogg Switchboard and Supply Co., 
S Cicero Ave., Chicago 38, Ill, (Mag 
netic Impulse 

Kurman Electric Co Div. of 
Corp Dept, EM, 191 Newel 
27, N. ¥ 

Line Electric Co., 271 8S, Sixt! Newark 
3, N. J 

McQuay-Norris Manufacturing 
Marconi, St. Louis 10, Mo 

Magnecraft Electric Co 
Ave., Chicago 51 Il 

Mercoid Corp 4201 Belmont 
cago 41 il : 

North Electric Co., 852 S. Market, Gallor 
Ohio 

Ohmite Manufacturing 
Skokie, Ill : 

Phillips Control Corp 9 W 
Joliet, Ill ; 

Potter & Brumfield Mfg. ¢ In Sub 
of American Machine & Foundry Co., 
Princeton, Ind 

Price Electric Corp., 
rick, Ma 

R-B-M ‘Control’ Di Bs 
Logansport, Ind 

RCA’ Electron Tube Di Radio Corp. of 
America, Harrison, N. J 

Relay Sales Inc., Box 15 B 
fr 1 

er eds Protects Co., Ir 1086 Goffle 
Rd., Hawthorne, N. J 

Sigma Instruments Inc 
Braintree 85 Mass. 

Square D Co., 4041 N 
kee 12, Wis . 

Standard Electrical Products Co., 2240 
Third, Dayton 3, Ohio 

Stromberg-Carison, A Div of General 
Dynamics Corp 117 Carlson Rd 
Rochester 3, N. Y¥ 

Struthers-Dunn, Inc 

Tung-Sol Electric Inc 
Newark 4, N. J, : 

Union Switch & Signal Div Westing 
house Air Brake Co., Pittsburgh 18, Pa 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N ; 

Westinghouse Electric Corn., Gateway 
Genter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc 614 Frelinghuysen 
Ave., Newark 5, N. J 

Wheelock Signals, Inc 273 Branchport 
Ave., Long Branch, N, J 

Wiegand Co., Edwin L., 
Bivd., Pittsburgh 8, Pa. 

Zenith Plectric Co., 152 W. Walton, Chi- 
eago 10, Ill 

REMOTE CONTROLS. See Push Button 
Stations ; Relays and Contactors ; 
Switches ; Controls, Pressure and 
Temperature 


Plaza, 
Sales 


Walnut, 


6650 


Norbute 
Brook lyr 


( 13 Howard 


Washington, 


1500 Church, Frede 


ex Wire Corp 


West Chi 


60 Pearl, South 


Richards, Milwau 


E 


Pitman, N. J 
Electroswitch Div., 


7530 Thomas 


RESINS, INSULATING. See Varnishes, 
Compounds and Resins, Insulating. 


ELECTRICAL MANUFACTURING 





Faced with Transformer Problems...? ¢ 
CJ Space Limitations? ( Unorthodox Circuitry? (1 Atmospheric Conditions? 


.. Custom transformers, up to 200 KVA, designed and manufactured by LIGHT 
to meet your most exacting specifications, may be the solution. The unusually high 
quality, inherent in custom design, reduces down-time and costly reinstallations. _ 
AND...all LIGHT custom-made transformers contain materials especially — 
selected to exceed your specification requirements, giving you an - 
even greater margin of safety and long life. : 


Call LIGHT ELECTRIC today for engineering consults 
Be sure to request your free copy of LIGHT'S ‘brow 


IN TRANSFORMERS ...CUSTOM DESIGN MEANS LONG-RANGE ECONOMY — 


LIGHT ELECTRIC 
CORPORATION 


214 Lackawanna Ave., 
Newark 3, New Jersey 


Tel. HUmboldt 5-4110 


+ TRANSFORMERS » SATURABLE.REACTORS » FILTER REACTORS « AMPLISTATS « RELATED 


Circle 343 on page 17 


ACE for ¢ 
EXTRUDED 5 


PLASTIC o 
Imperial \, parts 


the wolttéi $5 p- fast a ee 
TRACING CLOTH | at low cost ee 


In drafting rooms throughout the world RODS + TUBES + SHAPES 
Imperial quality is the standard by which in all colors...in your choice of 
fine tracing cloths are judged. This has 


been true for decades, and Imperial PLEXIGLAS ¢ LUCITE « ETHYLCELLULOSE 


remains the nest acing cloth be- POLYETHYLENE © ACETATE © BUTYRATE 
ued cto improve its 
= 





in stock...or quickly made to your specifications. 
Write, wire, phone for bulletin, samples and prices 


...or send specifications, blueprints, for immediate 
quotation. 
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IMMEDIATE 
DELIVERY! 


INDUSTRY DEPENDS 
ON THE 
UNION LINE 
FOR HIGH STANDARD 
OF QUALITY 


INDUSTRY DEPENDS 
ON MULTI FOR “ON- 
TIME’ DELIVERIES. 


eler Tai ed 


*WHITE GLAZED PORCELAIN 
* SLATE 
*MOLDED COMPOSITION 


— 
Fuse Clius — Ferrule Type are 


of spring tempered special 
letra et aa tM a Ml: La) 
conductivity and long lasting 


tension 


= 
BULLETIN WD457 


GIVES COMPLETE DATA 
ELECTRIC MFG. INC. 
VAL CLS Ge A 


Circle 346 on page 17 


fractional horsepower 


at its 
» finest! 


Roe M-12 or M-13 with G-12 
reducer. M-12 and M-13 
motors AC/DC Universal or 
Shunt. 1/5 H. P. Max. G-12 
geor unit 536:1 Max. and 
100 in. Ibs. Max. M-13 hos 
ball bearings 


choice of leading manufacturers 


Don’t gamble with the success 
of your product! By careful 
analysis and testing together 
with RAE engineers you can 
assure the right motor for 
your needs. 
RAE offers outstanding serv- 
ice and quality in a large 
variety of motors in voltages 
up to 250, and up to % H.P. 
(higher for intermittent duty) 
with many gearhead motor 
combinations. Let us show 
you how these advanced mo- 
tors, now in such big demand, 
can improve your product 
and reduce your costs. 

y Send for the *‘RAE"’ service sheet. It 


will help you supply the dota neces- 
sary for recommendations and prices. 


AC/DC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 

Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
Motors for Electronic Control 


Permanent Magnet Motors and 
Gearmotors 


Rae MOTOR CORP. 


yale Care elie 
Racine, Wisconsin 
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RESISTANCE ALLOYS 


Driver (x Wilbur B 1875 
Highway, Newark 4, N. J 
Driver-Harris Cx Harrison, N. J 
Kanthal Corp 3 Amelia Pl 

Conn 


McCarter 


Stamford 


RESISTANCE 


Heating 


HEATING UNITS 


Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co 
rials Div 


Construction Mate 
Bridgeport 2, Cont 


RESISTANCE WIRE. Sex 


ance 


Wire Resist 


RESISTORS, INSTRUMENT and RADIO 

Aerovox Corp New Bedford, Mass 

Allen-Bradley C« 1316 S. Second, Mi 
waukee 4, Wis 

Amperite (C« Inc 61 troadway New 
York 12, N. ¥ Bulb Type 

Centralal Div of Globe-Union Ir 
#62D E. Keefe Ave Milwaukee 1, Wis 

Clarostat Mfg. C« Inc Dover, N. H 

Corning Glass Works, Technical Product 
Div Corning, N. Y 

Cutler-Hammer Inc 1264 St 
Milwaukee 1, Wis 

Daven Co., 536 W. Mt 
Route 10, Livingston, N. J 

Bric Resistor Corp Flectronics 
Erie Pa 

Hardwick, Hindle, I 
ark N. J 

International Resistance 
Broad, Philadelphia 8 

Mallory & (x Ine P 
6, Ind 

Ohmite Manufacturing C« 
Skokie, Ill 

RCA Electron Tube Di 
America, Harrisor N 

Sprague Electric Co 07 
Adams Mas 

Square D Cx LN 
kee 12, Wis 

Stackpol on cy St Marys Pa 

Texas rument Incorporated 
Leman Ave Dalla 4, Texas 

Victoreer Instrument ‘ sie 
Ave Cleveland 

Ward Leonard 
Mount Vernor N 

Weston Electrical Instrument (Cec 
of Days i In 14 Fre 
Ave Newark N J 


Paul Ave 


Pleasant ve 


Radio Corp f 
J 


Marshall, Nort 


Richards, Milwau 


RESISTORS, POWER CIRCUIT 


Bradley ( ] s 


utler 
Milwaukee 
Daven Co 
Route 
Erie Resis 
Pa 
General Elect 
D Schenectady 
Hardwick, Hindle, Ir 
ark 5, N. J 
International Res 
Broad, Philadel 
Mallory & (x 
6, Ind 
Ohmite Mfg 
I 
Sprague Ble 
Adar 
Ward Leo 
Mount 


Indianapoli 


Howard, Skokie 


RESOLVERS ervome 


hanisms 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8 

waukee 4 
Amperite C« 

York 12, N Sulb " 
Clarostat Mfg Co In Dover, N iH 
Cutler-Hammer Inc 1264 St. Paul Ave 

Milwaukee 1, Wi 
Hardwick, Hindle, In 

ark 5, N J 
Mallory & Co., Ir 

¢ Ind 
Ohmite Mfg. Co 61 Howard 

I} 

Rex Rheostat Co 
Ward Leonard 
Mount 


Second, Mi 


oadway New 


“ 
Indianapoli 
Skokie 


Baldwin, L, I N. ¥ 
Electric Co i 
Vernon, N. ¥ 


RHEOSTATS, POWER CIRCUIT 

Allen-Bradley Co 
waukee 4. Wis 

Clarostat Mfg, Co Ir 

Cutler-Hammer 
Milwaukee 1, Wis 

General Electric Co Apparatu Sales 
Div Schenectady 5, N, ¥Y 

Hardwick Hindle Ine 10 
Newark 5, N. J 

National Electric Controller Co. 
Glenwood Ave Chicago 26, Ill 

Ohmite Mfg. Co., 3613 Howard 
Til 

tex Rheostat (Cc Saldwin, L 

Ward Leonard DBlectric Co 
Mt. Vernor N. ¥ 

Westinghouse Electric Corp 
Center, Bidg, No. 3, 401 Libs 
Pittsburgh 30, Pa 


1316 8S, Second, Mil 


Dover, N. H 
In 1264 St. Paul Ave 


Hermon 
7070 


Skokie 


RINGS, COLLECTOR 


Corp. South 


Hackensack 

Engelhard Industries, Inc Chemical Div 
& Baker Platinum Div 113 Astor 
Newark 5, N. J 

Engelhard Industries, Inc H. A. Wilson 
D 2655 U.S, Rte, 22, Union, N. J 


Creneral 
Corp 
Midwest 
Hil 
Nippert Electric 
Mound, Columbus 23, Ohio 
Toledo Commutator Co., South ¢ 

Owosso, Mich 


Plate Div Metals & Cé 
1904 Forest, Attlebor Mas 
Molding & Mfg. Co., Gurnee 


Products Co 17 


RINGS, RETAINER and SNAP 


Garrett ¢ Inc George K Torre 
Ave. at Tolbut, Philadelphia %¢ P 
Industrial Retaining Ring Co., Dept. 
; 7 Cordier, Irvington 11, N. J 
National Lock Washer Co 1) Her 

Newark 5, N J 
Radio Frequency Laboratoric Ir B 
tor N. J 
United States 
of The 
2 a: ae 
Waldes Kohinoor, Ine 47 
Long Island City, N. Y 


Gasket Co Plast 
Garlock Packing ‘ 


RIVETS. See 


Fasteners 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co 
25th Ave Bellwood, Ii 

Milford Rivet & Machine ¢ 
‘ 

Thomson Mfg. ¢ Judson 
Waltham 54, Mass 


ROLLER BEARINGS. See Bear 
and Roller 


RUBBER and RUBBER PRODUCTS 
Acadia Synthetic Products Di Western 
Felt Works, 4021-4139 W 
Chicago 2 Tl 
Auburn Manufacturing Co 
Middletown 
Chicago Rawhide 
Elston Ave 
Dow Corning 
Enjay Co., Ine 
19 N y 
General Electri 
Decatur, Il 
Goshen Rubber Co., In 
Gosher Ind 
Johns - Manville Dutch Brand Pr 
7800 Woodlawn Ave Chicag 19 
Phoenix Manufacturing Co., Rubber 
ucts Div Joliet, I 
Raybestos Manhattan, Ir Pla 
ucts Div Manheim Pa 
Roth Rubber (« 1860 8 
Chicago 56. I 
Stalwart Rubber Co 160 
tedford, Ohio 
Williams -Bowmar Rubber Cr 
54th Ave., Cicero 50, Il 


Conn 
Manuf: 
Chicag 


Corp Midland 


West 


Northfield 


SAWS, COMMUTATOR. See 


Saws and Slotter 


SCRAPER RINGS. See Rin 


and Snap 


SCREW DRIVING 


Bristol C< 
bury 20 


MACHINES 


Socket Screw Di W 


Conn 


SCREW MACHINE PRODUCTS. Sex 
Fibre; Plastics 
America, A 
19, Pa 
: Copper Co., Sut f Ke 
Copper Corp Waterbur 
Merkle-Korff Gear 
Chicago 7, Tl 
Milford Rivet & 
Conr 


Cc 211 N, Morgar 


Machine 


SCREWS. See I 


SEALING COMPOUNDS. See Ce 
Insulating and Sealing; Waxes and ¢ 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Ir Di of 
General Ceramics Corp 430 Fairti 
Ave Stamford, Conn 

American Lava Corp 
Tenn ; 

Amphenol Electronics Corp 
Ave Chicago 50, Ill 

Constantin & Co., L. L., Rout 
N. J 

Electrical Industries, Div 
Electronics In 691 
Murray Hill, N. J 

Fusite Corp Dept. B-1, 6000 Ferny 
Ave., Cincinpati 13, Ohio 

General Ceramics Corp Keashey 

General Electric Co. Apparatus 
Div Schenectady 5, N y 
Bushings) 

Hermaseal Co Ine 
hart, Ind 

International Resistance 4101 N 
Broad, Philadelphia 

Kearfott Co Ine 
Clifton, N. J 

Phillips Control Corp 
ton, Joliet, Il 


f 


Central 


1910 Mair 


(Rotary Shaft) 
Oaktor Mort 


SEALS, MECHANICAL. 
Crane Packing Co., 6424 
Grove, Ill 


SEALS, OIL and GREASE 


Chicago Rawhide Manufacturing ¢ 
Elston Ave., Chicago 22, Ill 


TURING 


ELECTRICAL MANUFA€ 





Ir Mfy. « 
Chicago 23, Ill 
States Gasket ¢ 

“ The Garlock Packing 

N. J 


SELENIUM RECTIFIER. See Rectifiers, 


Semiconductor 


SEMICONDUCTOR PRODUCTS 
Rectifier Semiconductor Transist 
and Crystal Diodes 


SERVOMECHANISMS = (Controls 
chros, ete.) Also see Motor 
Diehl Manufa ng Co Flectrica 
f The Singer Manufacturing Cc 
erville N J 
G-M_ Laboratories Ir 
Ave Chicago 41 
Helipot Corp Di 
ments In P 
Beach, Calif 
Inland Motor 
Washingtor 
Kearfott Im 
tor N. J 
Oster Manufacturing 
Div Racine, Wi 
Servomechanism t 
Brooklyr Ave 
os 
Servospeed Di 
Ir Godwin Ave 


SHAFTS 


United States 


FLEXIBLE 
(rasket ¢ 
The Garlock Packi 
J 


SHEAVES. See Drives, Belt 


SHEET METAL FABRICATORS 

Cox Co., H. F., 601 Ottawa Ave N. W 
Grand Rapid 2, Mict 

Hoffman Engineering Cory Dept. EM 
Anoka, Minr 

Kirk & Blur Manufact 

Forrer, Cincinnati 

SH 


EETS, ELECTRICAL. See 


SHIELDING, ELECTRONIC 
Magnetic Shielding D 
1322 N. Elstor 


ELECTRON TUBE 
Rese 


SHIELDS 


Perfection Mica 
Ave., Chicago 2 


SHIPPING SERVICES 
United Air Line Cara 


Wahas \ Chicag 


SIGNAL DEVICES 
(rouse-Hinds Co Syracuse 
Iyle-National ¢ 
Chicage l 
Si 


Ave 


LIGHT ASSEMBLIES 


ght Pilot and Indicator 


SIGNAL 
Li 


SILICON DIODES. See Transistors 


Crystal Diodos 


SILICONES 
Auburn Manufacturl: Ce 
Middletowr Cont 
inental-Diamond Fibre A Sut 
The Budd Co Newark 13, Del 
Dhow Corning Corp Midland, Mich 
Formica Corp Sub of American Cy 
g e Ave ( 


anamid, 4521-7 Spring 
innati 2 Ohio 

dseneral Electri Co > ~=Products 
Dept Waterford, N 

Insulation Manufacturers orp 565 W 
Washington Blvd., Chicago 6, Tl 

National Vulcanized Fibre Wilming 
ton 99. Del 

Natvar Corp 107 Randolph Ave., Woo 
bridge N. J 
vior Fibre Co Norristowr Pa 

Thnion Carbide orp Silicone Div 20 
Lexington Ave New York 17, N. ¥ 


SILVER and SILVER ALLOYS. See also 


Contacts and Contact Points, For Solde 
see Brazing Alloys, Silver 

Rrainin Cc ( s 18 Washington, Mt 
Vernor N V 

Engelhard Industries Ine American 
Piatinum & Silver Div 31 N. J, Rail 
road Ave Newark 5, N. J 

Engelhard Industries, In Chemical Div 
« Saker Platinum Div 113 Astor 
Newark 5, N. J 

Engelhard Industries « H. A. Wilson 
Div 4655 U.S. Rte 2, Union, N. J 

Fansteel Metallurgical Corp North Chi 
tid a 
eral Plate Diy Metals and Contrel 
Cort 1904 Forest Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
rr 

Mallory & Cx In P. R., Indianapolis 

Ind 
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SLEEVE BEARINGS. See Be 


Bushings 


SATURATED See 
Braided Fabri 


SLEEVE, 


and Sleeving 


SLEEVING and TAPE, ASBESTOS 
Manufacturers Cort if 
mn Blvd Chicago ¢ I} 

Box 14, New Y 


os-Manhattar I 
Div Manhein I’a 


SLIDE ASSEMBLIES 


Chassis-Trak Inc 
lianapolis, Ind 
Radio Frequency Lal 

ton, N J 


SLIDE RULES, CALCULATING 
Keuffel & Esser ¢ Hoboker 


SLIP RINGS. See KR 


SLOT INSULATION 
lating Mica; Paper 


and Sleeving Braice 


SLOTTERS, MICA. Se¢ 


and Slotter 


SOCKET SCREW KEYS and 
WRENCHES 

Aller Manufacturir ‘ 
Hartford 5, Cont 


SOCKETS and ADAPTERS, RADIO. See 
Plug und Receptacle 


SOCKETS and RECEPTACLES, LAMP 
Arrow-Hart & Hegeman Electr ( 
Hawthorne Hartfor 
Automatic Electric 
lake, Il 
Circle F 


SOCKETS, FLUORESCENT 
ent Lamp Auxiliaric 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Cor 
Ave Chicago 50 
Mycalex Corp 
Clifton, N 
United State 
The Gar 
N J 


SOCKET SCREWS. See 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 
Chase Brass & Copper Cc Sul w 
necott Copper Cort Waterbur 0 
Essex Wire Corp Wire and Cable 
Fort Wayne, Ind 
General EFlectri Co. Apparatu 
Di Schenectady 5, N. Y 
Handy & Harman, 82 Fultor Ne 
Ss. N. Y 
Kester Solder Cc 
Chicag 39, Tl 
mdon Chemical ¢ Ine 
slst Ave Melrose Park, Ill 
National Lead Ce 111 Broadway, New 
York 6, N. Y¥. 


4209 Wrightwoc 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 
Apparatus Sales Di 
Y 
1008-1) Park Ave 


ce Danvers Mas 


SOLDERLESS CONNECTORS. See Cor 
nectors, Wire and Cable 


SOLDER PRE-FORMS. Se« 
Alleys, Silver 

Handy & Harman, 82 
au. 3 

Kester Solder Ce 
Chicago 39, Til 


Fulton, New York 


1209 Wrightwood Ave 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Alloys 
Kester Solder Ce 
Chicago 39, Ill 
London Chemical Co., 1537 
Melrose Park, TI 
National Lead (x 
York 6, N. ¥ 


12.9 Wrightwood Ave 


SOLENOIDS 

Allen-Bradley (<¢ 13516 § mnie Mil 
waukee 4. Wis 

Anderson Controls, In 
Rd., Des Plaines, If 

Automati Electric Sales Corp., 
lake, Ill 

Automatic Switch Cc 50-M Hanover Rd., 
Florham Park, N. J 

Cannon Electric ) Co Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif 

Comar Electric Ce 3319 Addison, Chicas 
8. I 


Mannheim 


North 


100% Chemically Pure 
For Hermetic Use 


ne 


+ 


: 


Density: 1.30-1.35 


100% rag stock paper 
No sizing or fillers used 


Thicknesses from .004 to .030” 


ELECTRICAL 
INSULATING PAPER 


Dielectric strength — 300 volts per mil 
Tensile strength — 13-16,000 Ibs./sq. in. 


“Glazed roll’ finish — others available 
Can be combined with other materials 
Available in rolls, sheets or coils 


REPRESENTATIVES 


Atlanta—Brownell Distributors, Inc 
Atlanto—Electrical Insulation Suppliers 
Boston Area—Brownell Distributors 
Inc., Cambridge, Mass 
Boston Area—Insulating Fabricators of 
New England, Inc., Watertown, Mass 
Chicago—Federal Insulation Co 
Cleveland—C. J. Voneman Company 
Dallas—Electrical Supply Corp 
Dallas—Summers Electric Co 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc 
Forth Worth—Electrical Supply Corp. 
Hamilton, Ontario—Buntin, Gillies & 
Co., Ltd 
Houston—Houston Industrial Supply Co. 
Kansas City, Mo.—Ace Electric Co 
Los Angeles—Tri-State Supply Corp. 


Minneapolis—D. A. Schultz Co 
Mobile—Russell Electric Co. 
New York—Brownell Distributors, Inc. 
Newark—Electric Motors & Parts Corp. 
Oklahoma City—Butts Electric 
Supply Co. 

Oklahoma City—John H. Cole Co. 
Philadelphia—Electrical Maintenance 

Equipment Co. 
Pittsburgh—Herbert J. Graham 
Rochester—Allied Electrical 

Insulation, Inc. 
Salt Lake City—J. R. Christensen Agency 
San Francisco—Tri-State Supply Corp. 
Seattle—Tri-State Supply Corp. 
St. Lovis—Dale J. Painter 
Stamford, Conn.—J. A. Jones 
Toronto—Electric Insulation & 

Fibre Co., Ltd. 
Woodbridge, N. J.—Chalker Insulation Co. 


Write for literature and free sample. 


ELGTIb 6 PAPER COMPANY, INC. 


88 Purchase St. ¢ Fall River, Mass. 


Circle 348 on page 17 





WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
yut in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
withstand stress and 
perform under the most 

trying conditions! 


EEDY DELIVERY 


PEEX? 
WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates 


DUDEK & BOCK 


SPRING MFG. CO. 
DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill. 


Circle 349 on page 1 


Specialists in 
« » » Glass-to-Metal Seals! 


HERMASEAL 


—— Hermaseal 


CALL US ON STANDARD 
AND SPECIAL TERMINALS. 


Hermaseal OCTAL Plug 


——Hermaseal 


... A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL 
Bracket Assembly. 


Header and - 


——Hermaseal 


with its expert engineer- 
sng staff and the latest in pro- 
duction equipment is ready 
to serve you. 


Hermaseal 10 Kilovolt TERMINAL. > 


For further information, 
phone 2-3773 or write: 


THE HERMASEAL COMPANY, 


1010 N. main, Elkhart, indiana 


INC. 


Circle 350 on page 17 


| 
| 


Controls Co, of America, 9551 
Ave., Schiller Park, Tl. 
Cutler-Hammer, Inc 1264 St. 
Milwaukee 1, Wis 
Detroit Coil Co., 2435 
20, Mich 
Dormeyer Industries 
Chicago 41, Ill 
General Electric 


Sorer 


Paul Ave 


Hilton Rd., Detroit 


3424 Milwaukee Ave 
Apparatus Sales 
N, ¥ 
27-D W 


H., 123 Webst 


McQuay-Norris 
Marcor St 
National Acme 
lar Ohi 
Oak 


Manufacturing 
Ijuis 10, M 


K-B-M 
Logansport 
Relay 
azo, Ill 
Struthers-Dunn, Ir 
rrombetta 
waukee 
Westinghouse 


Essex Wire 


Sales Inc tox 186-B, West ( 

Pitman, N 

Solenoid Corp “9 

Milwaukee 2, Wis 

Electri Cory } 

g. No 401 Liberty 
. Pa 


J 
N Mi 


SOUND and VIBRATION METERS 


Hickok Electrical 
Dupont Ave Cle 


Instrument ¢ 
eland 8, Oh 


SPEED INDICATORS. See " 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors 
\ Chalmer ukee 1, Wi 
Bowmar Ir ‘orp., 2415 Pent 
nia Wayne, Ind 
° . 1806 Pine, St. I 


atic Div 
a, Wis 


SPRINGS, COIL and FLAT 
Mfg. Co 


Accurate 
Chicago 24, Ill 
American Steel & Wire 
Corp., Rockefeller Bl 
Ohio 

ted Spring ¢ 


Spring 


Associa 
B-G-R Div As 
Plyn tf « Ann 
Barne Di Wallace 
I Bristol, Conr 
t & Sons Jobr 8 Cli 
rk ; x 3 
Dudek & Bock Spring Mfg. ¢ 
Grand Ave., Chicago 51, Ill 
Dunbar Bros Div Associated 
Corp Bristol, Conr 
Garrett © Inc.. George K Torresdale 
Ave at Tolbut, Philadelphia 36, Pa 
Gibsor Di William D Associated 
ng Cort 1800 Clybourn Ave } 
Til 
801 Electri 
Highway, Delmont 
Hunter Spring (« 
lale, Pa 
Ir t Specialties Co., In 
Little Falls an 


p Sristo 
sociated Spring 
Arbor, Mict 

Associated 


° ew 


016 W 


Spring 


Co. Old Wm Penr 

Pa 

2 Spring Ave., Lans 

244 Ber 
(Bery! 

Lew Spring Mie. (x 2646 W. Nortt 
Ave ct 7 l 

Manr & ms N Ass 

Corp 1 

Milwaukee Div 
Milwaukee 


elated 
Spring 
ssociated Spring Corp 
wi 

Associated 
On| 
Mfg 


orry 


Spring Corp 


Div Associated Spring 

Pa 

Div Ass 
Calif 


elated Spring 


rdena 
STAINLESS STEEL. See Stee 


ial } and Grade 


STAMPINGS. METAL 
Accurate Spring Mfg. Co., 381 
Chicago 24 I 
Auburn M 
Middletowr 
B-G-R Dis 


7 W. Lake 


turing (©o., 306-1 Stack 

Conr 

Associated Spring Corp, 
Plymouth & Ann Arbor, Mich 
farnes Div Wallace. Associated 
Corp Bristol, Conn 

Barnes -Gibson- Raymond 
Spring Corp., 40300 
Plymouth, Mich 

Chase Brass & Copper Co. 
necott Copper Corp., 
Conn 

Dudek & Bock Spring Mfg. Co., 
Grand Ave Chicago 51, Til 

Dunbar Bros Div Associated 
Corp Bristol, Conn. 

Erie Resistor Corp., 
Erie. Pa 

Federal Tool & Manufacturing 
Alabama Ave., Minneapolis 16 

Fryling Mfg. Co., Erie, Pa. 

Garrett Ine George K.. 
dale Tolbut, 


Pa 
Gibson Div., William 
1800 


Spring Corp 

Chicago 14, IIl. 

Heyman Mfg. Co., Kenilworth 1, N. J 

Iisco Corp., Dept. F-4. 4730 Madison 
Rd., Cincinnati 27, Ohio. 

Kirk and Blum Manufacturing Co.. 3122 
Forrer, Cincinnati 9, Ohio. 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Tl 


Spring 


Div As 
Plymouth 


ociated 


Rd 


Sub. of Ker 
Waterbury 246 
4016 W 

Spring 
Electronics Div 


Co 3608 


Minn 


Torres 
Philadelphia 36 


Dd. Associated 
Clybourn Ave 


Co., 


Ave. at 


Malco Tool and Manufacturing 
W. Lake. Chicago 24 
Manross & Sons Div F 
Spring Corp Bristol, 
Merkle-Korff Gear Co., 

Chicago 7, Ill, 
Milwaukee Div Associated Spring 
Milwaukee, Wis 
Mirro Aluminun 
Mohawk Mfg 
(Threaded 
Ohio Div A 
Dayton, Ohio 
Raymond Mfg 
Corp., Corry, Pa 
Revere Copper and Brass, I: 
Ave., New York 17, N. ¥ 
W Pacifi Div Asst 
Gardena, Calif 
off Div. of Illinois Tx 
‘ Charles Rad., Elgin, Ill 
Syivania Electric Products Ir 
Broadway, New York 19, N. Y 
United-Carr Fastener Corp an 
42, Mass 
Wenco M 
Chicago 22 


Conr 
211 N 


Manitowox 
Middletowr 


Co 
Co 


ssociated Spring 


Div., Associated 


1136 West Hub 


STAMPINGS, NON-METALLIC 


Auburn Manufacturing Co. 306-1 Stack 
Middletown. Conn 

Diamond Fibre, A Sub of 
Im Newark 13. Del 

& Mica Corp., 536-540 63rd 

N, ¥ 
Co., Erie, Pa 

2799 Lake, Melrose 


Contir al The 
Budd Co 

Ford Radio 
Brooklyr 

Fryling Mfg 

Richardson Co 
Il 

Stahlin Brother 
E. Beldir 


Fibre Works, I 


Mich 


FLUORESCENT. See 


STARTERS 
rescent Auxiliaries 


Lamp 


MOTOR 
Button 


Ser 


STARTERS 
Motor, Pust 


Statior 


STEATITE. See 


Cerami 


(Commercial Forms and Grades) 


Alloy A 
Bars B 
Carbor « 
Coated D 
Enameling E 
Stainless N 
Cold Rolled Or oO 
Sheets and Strip s 
Tubing T 
(See also Steel. Electrical 
Acme-Newport Steel 
(ADES 
Allegheny 
Bide 
American 
Corp. 
Onhlo 
Barnes 
cy Tp 
Chase 
Kennecott 
Conn N) 
Columbia-Geneva Steel Div T Ss 
Corp., San Francisco, Calif 
Driver Co., Wilbur B 1875 
Highway Newark, N J 
Steel Wire 
Jones & Laughlin Steel Corp., 
Steel Div Youngstown l, 
ACDNOS 
National Tube Div Uv. 8 
Pittsburgh, Pa 
Revere Copper and Brass, Inc., 230 
Ave.. New York 17, N. Y. (T 
Tennessee Coal & Iron Div., U. § 
Corp., Fairfield, Ala 
U. 8. Steel Corp., 525 William 
Pittsburgh 30, Pa, (S-ACDN) 


STEEL 


Corp. Newport, Ky 


Steel Corp Oliver 

Pittsburgh 22, Pa NS 

Steel & Wire Div 1 S. Steel 

Rockefeller Bldg., Cleveland 13 

NS 

Div Wallace Associated Spring 
Bristol, Conn s-CO Spring 

Brass & Copper Co Sub of 

Copper Corp., Waterbury 20 


Ludlum 


Steel 


MeCarter 
(Stainless 


Strip 
Ohio 


Steel Corp 


Park 
Stee) 


Penn P 
(T-ACN 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., 
Allegheny Ludlum Steel 
Bidg., Pittsburgh 22, Pa 
Armco Steel Corp., 1378 Curtis, Mi 
town, Ohio 
U. 8. Steel 
Pl., Pittsburgh 


Ky 
Oliver 


Newport 
Corp 


Corp. 525 William Penr 


3@, Pa 


RELIEFS See 
Strain Relief 


Grips 


STRAIN 
Clamps 


STRIPPERS, WIRE 


Artos Engineering 
Milwaukee 7, Wis 

Eraser Co.. Inc., 1068 8 
cuse 4, N. Y. 

Holub Industries, 
more, Ill 

Ideal Industries, Inc., 
Sycamore. Ii) 

Londcn Chemical Co., Ine. 
Ave., Melrose Park, Ill 

Wenco Mfg Co... 1136 
Chicago 22, Il 

Wire Stripper Co., 1729 
E. Cleveland, Ohio 


STRIPS. BLOCKS and BOARDS, 
TERMINAL 


AMP Incorporated, 5284 
Bivd., Harrisburg. Pa. 

American Lava Corp., 
Tenn 

Audio Development Co., 2836 13th Ave 
South Minneapolis 7, Minn. 

Buchanan Electrical Products 
Route 22. Hillside. N. J 

Burndy Corp., Omaton Div.. 
Conn 

Cambridge Thermionic Corp 453 
cord Ave., Cambridge 38, Mass 

Curtis Development Mfg. Co 
N. 33rd, Milwaukee 6. Wis 

Cutler-Hammer, Inc., 1264 St 
Milwaukee 1, Wis. 

Hart Manufacturing Co., 
Ave.. Hartford 1, Conn. 


Co 2737 8 
Clinton 
Inc., 445 Elm. Syca 
1008-D Park 

1537 N. 3ist 
(Solvent 

West Hubbard 


Eastham Ave 


Eisenhower 
Chattanooga 5 
Corp., 225 
Norwalk 
Con 
3266 
Paul Ave., 


211 Bartholomew 


ELECTRICAL MANUFACTURING 





Occupying less than 134 square inches of panel space, this 
Miniature Ceramic Switch nevertheless contains as many 
as 18 positions on a single wafer. Flashover voltage at 
60 cycles is 1000 volts peak. . . current carrying capacity 
is 2 amperes. And it's rugged .. . meets and 
exceeds Mil-Spec S-3786. 


These units can be ‘‘ganged’’ with up to 8 decks with slight 
mechanical modifications. 2 or 3 poles per deck may 


also be obtained as standard. Prototypes 


can be. delivered within 2 weeks. 


Write for complete information. 


* DAWVEWN - Livingston, N. J. 


Circle 351 on page 17 


It's a Migh Cmussivily 
Coating 


Leading electrical manufacturers have 
found that coating undersides of metal 
grids in waffle irons and sandwich 
toasters saves at least 15% in wattage. 


/ SAUEREISEN 
No. 7w 


increases heat absorption, withstands thermal shock, provides a hard ceramic-like 
finish that resists water, oil, acids and temperatures up to 2500° F. Can be brushed 


or sprayed, needs no firing. Ask for catalog - 


Sauereisen Cements Co., Pittsburgh 15, Pa. 


Circle 352 on page 17 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 


APRIL 1958 Circle 353 on page 17 


DIALCO) Pilot Lights 


with Built-in Resistor “2? 


(a patented DIALCO feature) 


and the NEW High Brightness 
Neon Glow Lamp NE-51H 


WW" 


TIMES 
BRIGHTER | 


Alibi SS 


A New Advance in Pilot 
Light Design by DIALCO: 


Three basic advantages are in- 
corporated in this series of 

DIALCO assemblies: (1) Built-in 

resistor for direct use on 125 

to 250 volt circuits... (2) New 

plastic lens designed to give 

attractive “halo” effect... 

(3) New High Brightness Neon 

Glow Lamp NE-51H. This lamp 7 
may be operated at about 3 NE-51H 
times the level of current 

that may be applied to the standard lamp, and it will pro~ 
duce 8 times as much light—with long life! Very low 
power is required, less than 1 watt on 250 volt circuit. 
Recommended for AC service only. 


Catalog No. 
132-408-991H 


In the DIALCO assembly, the built-in current limiting 
(ballast) resistor (18,000 ohms) is completely insulated 
in moulded bakelite and sealed in metal (U. S. Patent No. 
2,421,321) ... Small space required—units are available 
for mounting in 9/16” or 11/16” clearance holes... A wide 
choice of optional features includes lens styles, shapes, 

and colors; terminal types; metal finishes, etc. ... Meet 
applicable MIL Spec and UL and CSA requirements. , 


All Assemblies Are Available Complete with Lamp 
SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


| DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. 
1 Seretee Lights Cl for NE-S1H Neon lamp () Sub-Miniatures [) Oil-Tight 


| Name Position 


| Company 


| 
L 


Address 
Foremost Manufacturer 


DIALI rh? i 


CORPORATION 


44 STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7-7600 


Circle 354 on page 17 





depend on... 
NATIONAL LOCK 


for all your appliance hardware 


and fastener requirements 


RANGE HARDWARE - HANDLES 
REFRIGERATOR HARDWARE 


BUTTS - CONTINUOUS HINGES 
CABINET HARDWARE - CATCHES 


LATCHES - CASTERS + PLASTICS 
SHELF SUPPORTS + SCREWS 
BOLTS - STAMPINGS 


SPECIAL-PURPOSE FASTENERS 
ald foot f Saunoe 


Simplified purchasing and inventory control ... 
dependable delivery . . . all are a part of the 
service when you order your quality hardware 
ALL FROM | SOURCE... from NATIONAL 
LOCK COMPANY. National Lock standard 
and custom-built products are quality controlled 
and competitively priced. * Send us your 
“specs”, you'll readily see how our extensive 


engineering facilities can save time and money 


right down your production line. 


NATIONAL LOCK COMPANY 
Rockford - 


Industrial Hardware Division 


Illinois 


1B, 


Circle 355 on page 17 


| Ilseo Corp.. Dept. F-4, 4730 Madis 
Rd., Cincinnati 23, Ohic 
Jones Div Howard B., Cinch Mfg. Corp 
Chicago 24, Il 
Molex Products Co., Brookfield 
Mycalex Corp. of America, Clifton 
Cliftor N. J 
Rex Rheostat Cé Baldwin, L 
Stromberg-Carlsor A Di 
Dynamics Corp 
Rochester 


r 
y 
Bett Co 
l N. J 
1 State i 
The ‘wel or 
N.J 


STROBOSCOPES 


Hickok Electric Instrument 
Dupont Ave., Cleveland 8, Ohik 


SWITCHES, AUTOMATIC and MANUAL 
Float (Liquid Level A 
Limit Snap- Action B 
Magne ( 
Mercur D 
Pressur I 
Therma I 
Time G 
Transfe H 
\ n ) 
K 
1 
M 
N 
o 


P 
K 


I 

I 
\ 
W 
X 
y 


AEMCoO 


18 S Se 
ACEFIPR 
Ir Ea 
N. ¥ CDGHR 
Milwauker WW 
rols, Ir 777 Ma 


Plaine Il 
Arrow-Hart & Hegeman |} t ‘ 
Hawthorne Hartfor 6, ¢ 
MPRT 
Automat Electric Sa Cort 
BOCDGHLNERSTVW 
Switch ¢ -M Ha 
N J CHR 
Div ot 


ok. 
u Hir 
(DPSV) 
Curtiss-Wright Corr 
Cutler-Hammer, Ir 64 t 
Milwaukee wi EGLPW 
Dale ‘ Franklir 180-184 


s 


Brur 


Mf ( 1238 
Il BNOPSVWY 
ctro Switet rp eymouth 88. Ma 
HPRSW 
Industrie 
EJO 
enwal, Ir 111 Pleasar hlar Ma 


Rochester N. ¥ 


Electric (« 
ABCEFLO 
ontrol Ir Hollywood Plaza 
Orange, N. J FG 
EFlectri ‘ onstructior Ma 
eria Di br eport 2, Conr ~ 
General Electric ¢ Apparatus Sales Di 
Schenectad . N. ¥ ABCDEFGHIK 
MNOPRSTUVWY 
Guardiar Electric 1627-D = W Walr 
Chicago 1 I CFGHN) 
Hart Manufacturing Co., 211 Bartholomew 
4 i 1, Conn MOPRSI 
Haydor i veneral Time 
ton, Conn 
trie 
(oO 
In 12¢ 
Pa 
Radio Manufacturing 
Ave P 


14 McKee, Bata 


8, Calif 
Kellogg Switchboard and Supply 
S. Cicero Ave 
Crossbar 
Leland, In G.H l Wet 
Ohio 


Chicago 


Lux ¢ k Manufacturing (¢ Inc Wa 
bury 20, Conn. (G) ‘ 
McQuay-Norris Manufacturing 0 232 
“Marcot i. St. Louis 10, Mo, (EJ 
Mallory & Co., In« >. B Indianapoli 
6, Ind. (GNPSWY) , 
Mechanical Industries Production Co 
Ast Akron 8, Ohio 
Mercoid Corp 4201 selmont Ave 
ago 41, Til (ABCDEF 
Micro Switch A) Div. of Minne apoli: 
Honeywell Regulator Cc Freeport, Tl 
RDFLSW ee 7 
National Acme Co.. 176 E. 131st, Cleve 
land 5, Ohio (BPY 
North Electric Co., 852 S. Market, Galior 
Ohio (W 
Oak Mfg. Cc 1260 N. Clybourr 
cago 16. Til NWZ 
Ohmite Mfg Co 1 How 
Til NS 
Proctor Electri Co rd and 
Park Ave Philadelphia 46 
1388 N 


1041 N. Richard 
ABCEFLOPR 
Co St. Mar a 

A Div. of Genera 
7 Carlson Rd., Roc 
Pitman, N 

Ha 


COHOR 

Cor Gateway 
191 LAbert Ave 
ARCDEFPGHLOPS 
Ww W ‘'} 


SYNCHROS. & 


TACHOMETERS 
A ated K 


TAGS, TERMINAL 
Nat 4 B & 
’ co rt 
Nat 
' N 


TANTALUM 
Fa ‘ Met 
I 
Ma «x ¢ 
I 


TAPE. ADHESIVE and COIL 
FASTENING 

The nm Manufacturir 
rat 1 Ma 


FRICTION and SPLICE 
Manufacturers 

ton Rivd 

Minne 


TAPE 


( 
i, N 


weliawr e 
Polyker 
Blvd Chi 
Mining & 
Products D 00) 
Pa f Minr 


TAPE, INSULATING. See 
ulating Sleeving and Tare ‘ 
Tanne Friction and Splice Tape an 
Sheeting, Synthetic Resir 


TAPE. MAGNETIC RECORDING. See 
Magnet Recorder Componetr 


TAPE, MICA. See Mi 


TAPE and SHEETING, SYNTHETIC 


RESIN 
Borden (C« Resinite Dept Sant 
bara, Calif 
Continental-Diamond Fibre. A Sut f The 
tudd Co Newark 13, Del 
ju Pont de Nemours & Co. (Ine E. I 
Plastics Div., Polychemicals Dept., Wil 
98, Del . 
Ir 1 Manufacturers Corp 565 W 
gton Blvd.. Chieago 6, TIl 
Irvingtor Div Minnesota Minir & 
Manufacturing Co 9 Argyle Terrace 
Irvington 11, N. J 
Kendall Ce Polyken Sales Di oo W 
Jack Bivd Chica Tit 
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Designers— Engineers: 


ADVAC TERMINALS 


-will solve your 
toughest hermetic seal 
problem with a wide 
margin of safety! 


ADVAC Hermetic Seals are 
produced under an exclusive 
process that provides a superior 
seal capable of withstanding 
gruelling environmental 
conditions. Advac terminals 
feature a metallized high grade 
alumina construction that 
provides a super-strength seal 
Performance-proven in critical 
commercial and military applica- 
tions, ADVAC seals are available 
in standard types or custom 
designs for special requirements. 


pana ane > Immunity to Ma Shock 
DESIGN > High Mechanical Strength 
PUL e ie tes) > Maximum Voltage 65,000 Vv. 
hopes >» Adaptable for Brazing, Welding or Soft-soldering 
ADVAC TERMINALS ARE PRODUCTS OF — 


NEW BULLETIN — contains 
ADVANCED VACUUM PRODUCTS - INC complete information and detailed 
430 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT - Phone: DAvis 4-2148 specifications on the ADVAC line. 


A Division of General Ceramics Corporation Address inquiries to Dept. MF. 
Circle 356 on page 17 


MOCK-UP TESTS ! 


| 31 YEARS OF WIRE STRIPPING TTY ee eRe 


EXPERIENCE 


Not just 31 years of 


Variable Frequency 
building one or two types oa 
of standard wire, stripper, MOTOR al 


development of many wire 


changing needs. GENERATOR 


Speederaft (illustrated) has SETS 

widest application and su- 

perior performance on most 

kinds of smaller wire. ‘ 

For iarger sizes inquire ie > ‘. 

about our Air Operated AUTOMATIC ; —_ MODEL 

Cable Stripper. ADJUSTMENT . 7 45 EPOT 

“<= Consult us about your wire 360 TO 440 CPS 3 ; 

stripping problems. 

Fully automatic variable frequency motor generator set adjusts 
Write for complete information—sending wire samples—no obligation. 360 to 440 CPS. Generator mounted controls include reset but- 

tons, limit switch. Motor and generator remain stationary. Variable 


WIRE STRIPPER co. ve eee és drive pulley adjustment controlled by small motor 


Circle 357 on page 17 ~~ , Gamers 


CONTROL PANEL Remote control fre- 


quency adjustment 
Synchronous motor varies seeed frou 


[a starter and genera- 
RAJAH SPRING SNAP mart: tor controls includ thug “varying tre: 
. | plifier, voltage reg- 24 OMe y. Bench 


SOLDERLESS TERMINALS Reem) el ee 


cated anywhere. 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


MANUAL ADJUSTMENT 


Small laboratory, manually adjust- 
ed models, continuously adjustable 
permitting the often desired fre- 
quencies of 36, 40, 50, 60 and 
70 cycles per second. For this 
application, a | H.P. direct cur- 
rent motor was used. Also avail- 
able with single phase or 3 phase ~ 
motor drive. 60 CYCLE 
A. C. GENERATORS 
WRITE FOR FOLDER — IT’S NEW! from 350 watts to 500 KVA 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 


Moet arid ae Pac area CY Lo) 


Lg \ © Ly ae ate 
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FLEXIBLE MODULAR, 


PLUG & RECEPTACLE 


LOW COST @ QUICK, EASY ASSEMBLY 
FLEXIBLE MOUNTING ~ POLARIZED 
Exclusive Molex terminals crimped to wires, 
snap-locked into modules, spring-clip mounted. 
Unexcelled performance for from 3 to 30 circuit 
combinations. 


Write today for complete information. 


MOLEX PRODUCTS COMPANY 


9507 Southview Avenve 2 Brookfield, Iilinois 


Circle 360 on page 17 


Titeliem MINIATURE SPEED CHANGERS 
.. Ready-to-go 
in your product 


e Complete 
e Compact 
e Adaptable 


Save design, production, and assembly costs 


...USE METRON SPEED CHANGERS 
AS COMPONENTS IN YOUR PRODUCT 


@ Over 400 different standard © Concentric ball-bearing input and 
ratios! 10:9 to 531,441:1 output shafts 


@ Small! 1.050" diameter. @ Hardened steel 
Overall lengths: Class A, 3-1/8”; Minis sece 
Class B, 3 -15/16"-Class C, 4-3/4” ® Permanent lubrication 


© Transmit power either way to © Prompt delivery on production 
100:1 ratios or experimental models 


Write for Bulletin 100 


INSTRUMENT COMPANY 


457 Lincoln St., Denver 3, Colo. 


DISTRICT OFFICES »« NEW YORK « CHICAGO 


Circle 361 on poge 17 


Minnesota Mining & Mfg. (x 
Products Div 900 Fauquier 
_Paul 6. Minn 
Natvar Corp 207 Randolph Ave Wood 
bridge, N. J 
New Jersey Wood Finishing (Co., Ele 
trical Insulation Dept Woodbridg« 
N. J 
Raybestos-Manhattan Inc Plastic Prod 
Di Manheim, Pa 
Gasket stics Div 
wk Packin 0 ler 


TAPES, MEASURING 


Keuffel & Esser ( Hoboker 


TELEPHONES 


Crouse-Hinds Co., Syracuse 1, N. Y 
Kellogg Switchboard and Supply C« 
S. Cicero Arve Chicago 38, TI 

Nationa Recetas atic Co Inc 
Cabot Div 125 
Mass 

Stromberg -Carlsor A Di f Genera 
Dynamics Cort 117 Carison Rad Ro 
chester 3. N. Y. 


Holtzer 
Amory Bostor 19 


TEMPERATURE CONTROLS. See ¢ 


trols, Pr e and Temperature: Rela 
Switche Sharmeusssens The t 


TERMINAL BLOCKS. See Str 
TERMINALS. See Lugs and 


TESTING 
Test 


CHAMBERS. Sex 


TESTING MAT RUMENTS 
ment A Portable 


THERMAL SWITCHES, Sex 
THERMISTORS 


General Els 


THERMOMETERS 
Assembly Product 
Ra Chester! l 
Weston Electrical Instrument 
Daystrom Ir 614 
Newark 5, N. J 
nstr Div 
k, Rockfor 


PRRMOPLASTIC WIRE. See 


Cable Insulatec 


THERMOSTATIC BIMETALS 
Brair 318 Wast 


Ww 1608 Beard 
Mict 
ingelhard Industries, Inc 
& Baker 
Newarh 
Engelhard 
Di 2 
Genera Plate 
Cort 


THERMOSTATS 
Barber-Colman ( 
I 
Curtis Development 
33rd, Milwauke 
Curtiss-Wright Corp 
Dales ( Franklir 180-1 
Akron, Ohio 
Edison Industries 
ment Div 
Orange, N 
Fenwal, In 11 Pleasant, As 
3-V Controls mn 8 Holl 
Orange J 
eral Electri Apparatus Ss 
Schen j Ds: as me 
Hart Manufacturing 
Ave.. Hartford 1, Conr 
Mechanical Industries Product 
sh, Akron 8, Ohio. 


1201 Belmont 


Thomas 
McGraw- Edis« 


Roberts haw-Fulton Controls Co 
‘ imbus as, Ohio. 

Spencer stat Div Metals & (x 
trols Cosy HoO4 Forest Attlehbors 
Mass 

Stever Mfe CO Tne Lexir 
Mansfield, Ohio 

Still-Man Manufacturing ory 
E. 164th. New York 56, N. Y¥ 

Torq Engineered Products, Inc., 34 W 
Monroe Bedford, Ohio 

Ulanet Co., George, 420 Market, 
N. J 

Westinghouse Electric Corp Gatewa 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wheelco Instruments Div 
Co 1493 Rock, Rockford, Til 

Wiegand Cc Edwin L 7530 Thom 
Blvd Pittsburgh 8, Pa 


Newark 


Barber-Colmar 


Wilcolator Co., 1001 Newark Ave 
beth. N. J 


TIMERS, MOTOR 


AEMCO, Inc 50 State, Mankato. Min: 
Allen-Bradley Co., 1316 8. Second, Mi 
waukee 4, Wis 

Bristol Motor Div.. Vocaline Co. of Amer 
ica, Inc 108 Coulter, Old Saybrook 
Conn 

Controls Co. of America, 9551 Sorer 
Ave Schiller Park, Il 

Cramer Controls Corp Box 8, Center 
_ brook Conn 
Signal Corp., 202 20th, Moline 


General Electric Co., 
Schenectady 5, N 

Hansen Manufacturing ©o., Inc., Prince 
ton 3, Ind. 
Haydon Co., A. W 
bury 20, Conn 
Haydon Div. of General Time Corp., 252° 
Elm, Torrington, Conn 
Industrial Timer Corp 1411 
Highway, Newark 4, N. J 

Lux Clock Manufacturing Co., Inc.. Water 
bury 20, Conn 

Mercoid Corp 4201 Belmont Ave.. Ct 

zo 41 

Relay Sales . Box 186-B, West Ch 
cago, Til 

Square o., 4041 N. Richards, Milwa 


Apparatus Sales Di 
Y 
234 N. Elm, Wate 


McCarter 


z-Carlson, A Div. of General Dy 
Corp., 117 Carlson Rd, Rochest 
Yy 


Struthers-Dunn, Inc., Pitman, N, J 

Ward Leonard Electric Co., 34 Sout 
Mount Vernon. N. Y 

Westinghouse Electric Corp.. Gatewa 
Center, Bld No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Zenith Electric Co., 152 W 
eago 10, Tl 


Walton, (? 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Micronics D 
Elgir Tl 


TIME SWITCHES, See Switches 


TOOLS. PORTABLE 


Barber-Colman Co 1803 Rock 
I Hardness Testing) 

Gardner-Denver Co Quincy. Tl. (Pre 
mati 

Thomas & Betts Co Ine 28 Butler 
Elizabeth 1, N Terminal Tools 


Rockf or 


TRACING CLOTH, FILM and PAPER 


Keuffel & Esser (& Hoboken, N. J 
Ozalid, A Div. of General Aniline & Fi 
Cort Johnson City, N. ¥ 


TRANSDUCERS, PRESSURE 


Electro Products Laboratories, Inc 45 
N. Ravenswood Ave Chicago 40. I 
Servomechanisms, In Mechatrol Diy l 
Brooklyn Ave., Westbury, L. I N. ¥ 


TRANSFER SWITCHES, See Switch: 
TRANSFORMER HOUSINGS. See Cat 


nets, Sheet Meta 


TRANSFORMERS, ELECTRONIC 


Acme Electric Corp 354 Water. Cuba 
Je 

Airpax Products Co.. Ft, Lauderdale. Fila 
Audio Development Co., 2836 13th Ave 
South Minneapolis 7, Minn. 

Caledonia Electronics & Transformer Corp 
Dept. EM-3, Caledonia, N. Y 

Chicago Standard Transformer Corp.. 
Addison, Chicago 18, Il 

Comar Electric Co 3349 
Chicago 18, 

Dano Electric Co. 3 Main 
Conn 

Electran Mfg. Co 1901 Clyburn Avs 
Chicago 14, Ml 

Microtran Co., Inc., 145 E. Mineola Ave 
Valley Stream, N. Y 

Nothelfer Winding Laboratories, P. © 
Box 455, Dept. 10], Trenton 3. N. J 

RCA Electron Tube Div., Radio Cor: 
of America, Harrison, N 
la Electric Co. 4633 W 
oo, Til 

Standard Flectrical Products Co. 
Third Dayton 3. Ohio. 

Texas Instruments Incorporated BOOK 
Lemmon Ave., Dallas 9, Texas 

United Transformer Co., 150 Varick, New 
York 13, N. ¥ 


MAddisor 
Winste 


J 
16th. Chicage 
2240 EF 


TRANSFORMERS, BALLAST. 


rescent Lamp Auxiliaries 


See Fluo 


TRANSFORMERS, INSTRUMENT 
CURRENT 

Acme Electric Corp., 
NY 
Allis-Chalmers, Milwaukee 1, Wis 
Associated Research Inc., 3794 Be 
mont, Chicago 18, IN 

Chicago Standard Transformer Corp., 350 
Avidison, Chicago 18, Il 

Comar Electric Co. 3349 
Chicago 18, Tl 

Dano Electric Co., 
Conn 

Electran Mfg. Co., 1901 Clybourn Ave 
Chicago 14, Tl 

General Electric Co., 
Schenectady 5, N 

Sola Electric Co., 4633 W. 16th, Chicago 
oo, TH 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 36, Pa 

Weston Electrical Instrument Corp., A sut 
of Daystrom, Inc., 614 Frelinghuyser 
Ave., Newark 5, N. J. 


354 Water. Cu 


Addisor 
93 Main, Winsted 


Apparatus Sales Div 
Y 


TRANSFORMERS, POWER CIRCUIT 


Aeme Electric Corp., 354 Water, Cuba 
i 


ELECTRICAL MANUFACTURING 





SORENG shaded pole motors 
with CAMEL BEARING design 


ANCHOR A f\) give extra long life service 
rrr sie rca. op saeih:i eeeecaem ail 


EXTRUSIONS 


to your 
specifications 


Shapes, Rods, Tubes, Fabricated Extruded Parts, Ps phn t 
Curved Extrusions*, Plasti-Metallic Trim Moldings. ee nee 


® We have made more complex extrusion dies than 
anyone we know. 
® Our 17 years’ experience in custom-extrusion and ;@eeeseeaestseeeeeeseseseeeseeeee @ 
fabrication is your assurance of top quality service, 
at minimum cost. = y ' 
® No die charge for rods or tubes. The “402” Shaded-Pole Motor is built to last. It’s a 
® Send us your prints for prompt quotation. *Pot. rugged little powerhouse with an extra long life due to its 
WRITE FOR INFORMATIVE BROCHURE “EXTRUDED PLASTICS” exclusive, Camel Bearing design. This special bearing 


bracket provides automatic, positive oil circulation even 
ANCHOR PLASTICS CO INC under high temperatures. Oil is constantly feeding into 
°7 eT) bearing cavities as operating conditions demand. Stand 


36-36 36th St., Long Island City 6, N. Y. RA 9-1494 }| ard mounting holes make it interchangeable with other 
- motors. Range of 12 models covers all types of applica- 
Circle 362 on page 17 . i al . . . ee: 
tions including spring-wire, gear, chain, rubber belt and 
er “na friction drives or, to move high velocity, heater or sir- 
NEW occo air. Write for free booklet 
TUBELESS, TRANSISTORLESS o Tee ee 


PHASE METER Series “401” for standard life applications — Here's a 


| tough, durable model shaded le t é as be: zs 
scaTuRes: Type ate | ug ble me ' s 1 ac ‘ pole motor that has bearing 
with self-aligning features and an open-skeleton frame for 


No error due to harmonic or noise content. effective heat dissipation. Choice of 12 models 


No amplitude adjustment, no zeroing. Direct 
reading in degrees. 

No drift, no warm-up period required. 
Perfect stability. ri ‘ ‘ | | 

Wah mesmmen” 2 ate DRAWINGS NO'S 402-10} 402-20] 402-30} 402-40 402-60 


Small physical size, 4'/,x5%/,”; weight less om 402-11 | 402-21 | 402-31 | 402-41 402-61 
then 3 Ibs. / ’ 401-10! 401-20 | 401-30} 401-40 401-60 
No ambiguity. Meter indicates E: leads Ex. 


401-21 | 401-31 | 401-41 401-61 
PRICE: $225.00 


VOLTS 115 115 115 | 115 115 115 
DEe AOR ee Ce nl 


Re re mn NS LL LR Se 


FREQUENCY ;} 60 60 | 60 | 60 60 60 
AMPERE—NO LOAD | 0.31 | 0.42 0.55 | 0.64 | 0.97 | 1.31 


formerly | WATTS—NO LOAD 13.5 | 19 24 | 277 | «40 53 


CMT Las | | | ! | 
a Te TAT n }. R P M—NO LOAD | 3400 3480 | 3500 3570 | 3560 3550 
MAX. HP. OUTPUT(') 1/500 | 1/200} 1/125 1/75 1/50 1/40 
START TORQUE OZ. IN 0.58 1.4 2.3 23 | 323 | 4&9 
| STALLED WATTS 18 29 40 45 68 | 98 
Reader Inquiry Service | STACK WIDTH “A" ww" | 4" | He" | | w" | 1K” 


SHAFT DIA. "B" 0.182 0.182 | 0.182 |0.2178 | 0.2178 


WEIGHT—POUNDS 0.8 1.2 1.4 1.6 | 19 | 2.4 


Circle 363 on page wind ; 


Postcard return cards are provided on page 17 as a con- 
venience to the reader in obtaining— 





New Components and Materials NOTES: (1) HP rating at 3000 RPM— continuous duty fan load. 

Additional data from the supplier of any item reviewed. (2) All numbers ending in “O'' denote clockwise shaft rotation. 
. All numbers ending in “1"' denote counter-clockwise shaft rotation. 

Literature for the Design Engineer 

A copy of any manufacturer’s publication reviewed. 


si ere GF _ CONTROLS COMPANY OF AMERICA 
Single copies of selected feature articles. ee SORENG aoe 


Advertised Products : s 9551 Soreng Avenue ® Schiller Park, Illinois 
More information on any product or service described. 


controls that make modern living possible 


APRIL 1958 Circle 364 on page 17 





INDUSTRIAL BUYERS! 
Designed For You 


@ 360 pages of Electronics, Radio, TV 
Pol ae lileMial lel Meale Thame sll ol ut tal) 


Peel Lis medals. Me tol tel tm eel ela rs 
manufacturers 


ELECTRIC COMPANY 

FREE ...Write Dept. EM-4 
223 W. Madison St. * Chicago 6, Illinois 
4736 W. Century Blvd. * Inglewood, Calif. 


Circle 365 on page 17 


rely on Stheuman 


a. GF-13B Solderless Ground Fittings—Rugged bronze for 
strong, permanent grounding. For ' 


2-1, Va-l'2°, 2-2" pipe. 
b. GF-23 Conduit Solderless. Adjustable swivel hub. Strong 
bronze alloy. For tol dia. pipe. 


c. Cost Clamps meet REA and utility standards. Low-resistance 
copper alloy. Wedged connection won't loosen. 


d. SL Type. UL approved. Tempered pure copper. Wire up to 
AWG ,8 solid. Positive and permanent. 


H. B. SHERMAN MANUFACTURING CO. 
Battle Creek, Michigan 


Circle 366 on page 17 


Allis-Chalmers, Milwaukee 1, Wis 
Chicago Standard Transformer Corp 1 
Addison, Chicago 18, Til 
Comar Electric Co 3349 

Chicago 18, Ill 
Control, Box 391. Butler, Pa 
Cutler-Hammer, Inc 1264 St. Paul Ave 
Milwaukee 1, Wis 
Dano Electric Co 93 Main, Winsted 
Conn 
Dormeyer Industries, 3424 Milwaukee Ave 
Chicago 41, Il 
Electran Mfg. Co 1901 Clybourn Ave 
Chicago 14, Il 
General Electric Co., Apparatus Sales Div 
Schenectady 5, N 
Hevi Duty Electric Co 
Wis 
Light Electric Corp., 214 Lackawanna Ave., 
Newark 4 N J 
Nothelfer Winding Laboratories, P. O. Box 
a Dept 101, Trenton 3, N J 
Electron Tube Div Radio Corp 
America, Harrisot N. J 
Electric Co 1633 W. 16th, Chi¢ago 
Au I 1 
Standard Electrical Products Go., 2240 E 
Third, Dayton 3, Ohi 
Ther Electric & Machine Works 11A 
S. Jefferson, Chicago 6 ! 
United Transformer ( ) Varick, New 
York 1 N. ¥ 
Wagner Electric 
Ave St. Loui 
Westinghouse Electric Gateway 
Center, Bldg. No. 3 Liberty Ave 
Pittsburgh 6, Pa 


Addison 


Milwaukee 1 


TRANSFORMERS, VARIABLE 
VOLTAGE 
Acme Electric Corp 4 
N. ¥ 
(omar 
Chicag 
Electrar 
Chicage 


SSIONS and PULLEYS 


N 

SPEED 

e Cou 
I 

TRANSISTORS and CRYSTAL DIODES 


Trar t Ir 
than 


A Ang 
Rectifie 

Grand Ave El Segu 
Internationa Resist 
Broad, Philadelphia 

A Semiconductor D 

America Harri 
ue Electr 


TUBE PARTS (Electronic) 


Tube Comp 


TUBES, CATHODE RAY 
Ger Electr ( Tube Dept 


Ameri rri 


TUBES, ELECTRON (industrial) 


Amperite (x ‘ 1 Sroadway New 
York 12 

Chatham ectre Dis of Tung-Sol 
Electric Avingstor N. JZ 

Fitel-McCul San Bruno. Calif 

Electrons Ir 7 ex Ave Newark 


ve Dept Schenec 


mn Tube 
Internationa 
as An s 45. Ca 
Electr Tu iv Radio Cor 
America, Harrison, N. J 
yivania Electric Products Tne 
Broadway New York 19, N. ¥ 
ictoreet Instrument (x RO 
Ave Cleveland Oni 
tinghouse Electric Cort 
Sidg Ne 401 Libert 
at Pa 


METALLIZED 


Technica 


GLASS 
TUBES, PHOTOELECTRIC. & Phote 
electr Cell and Tubes 


TUBES, THERMOCOUPLE 


Kanthal Cory Amelia Place, Stamford 
‘ 


TUBING, ALUMINUM. See Aluminum 


TUBING, BRASS. BRONZE and CoP- 


PER. See Bras Bronze and Copper 


TUBING, FIBRE. See Fibre 


TUBING, LAMINATED METAL Ser 


Laminate Metal Precious and Base 


TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy 


TUBING, PAPER 


Cleveland Container 6201 Barbertor 
Ave., Cleveland 2, Ohio 
Continental-Diamond Fibre. A Sub. of Ti 
Budd Co. Newark 13, Del 
Paramount Paper Tube Corp 612 
yette, Ft. Wayne 2, Ind 


TUBING, SILVER. See Silver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Bentley, Harris Mfg. Co. 200 Barclay 
Conshohocken 2, Pa 

Borden Co., Resinite Dept., Santa Barbara 
Calif 

Brand & Co., In 
Conn 

Continental-Diamond Fibre. A Sub. of The 
Budd (x Newark 13, De 

Insulation Manufacturers Corp 5 Ww 
Washington Blvd., Chicago 6, I 

Irvington Div Minnesota Mining & Mar 
ufacturin Co » Argyle Terrace Ir 
vington 11 J 

Natvar Corp 07 Randolph Ave Wood 
bridge N I 

Owens-Corning Fiberglas Cory 
son Ave New York 22. N. ¥Y 
Varflex Corp., 54 W. Court, Rome, N. Y 

Westinghouse Electric Corp Gatewa 
Center, Bldg. Ne 401 Liberty Ave 
Pittsburgh Pa 


William, Willimanti 


8 Madi 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 

Borden ¢ K te Dx ta Bar 
Calif 

Brar 


TUBING. STEEL 
Forms and Gra 


TUNGSTEN. s« 
Fan < Me 


cago. I 
Mallory & ¢ 
6 Ind 


UNDERCUTTERS MICA 
Undercutter 


UNIVERSAL JOINTS 
Apex Machine & Tool ¢ 


terson BI Daytor 
Lovejoy Flexible Coupli 
Lake. Chicago 44, Ii 


VACUUM TUBES. See T 
Ray; Tube Electrot 

VALVES. MOTORIZED or SOLENOID 
OPERATED 

Automatic Switch C« 0-M Hanover Ri 
Florhar Park. N J 

Barber-Colman Ce 1803 Rock, Rockfor 
Ill 

Controis Co of America , Sorer 
Ave Schiller Park, Il 

General Electric Cx Apparatus Sales D 
Schenectady 5, N. Y 

MeQuay-Norris Manufacturing % 
Marconi, St, Louis 10, Me 

Mercoid Corp., 4201 Belr 
eago 41, Il 

Skinner Electric Valve Di 
Conn 

Westingl t 
Center, Bidg 
Pittsburgh 


VARNISHED FABRICS 


Insulating 


VARNISHES, COMPOU 
RESINS, INSULATIN 


Acme Wire Co 1255 Di 
Haven 14, Conn 

Bakelite Co., Div, of Union Carbide Corp 
30 KE. 42nd, New York 17, N. ¥ 

Borden Co Resinite Dept Santa Bar 
bara, Calif 

Borthig Inc George 24 
Ave East Rutherford, N. J 

Brand & Co., In Willian \ 
Conn 

Dow Corning Corp. Midland Mich 
Silicone) 

ju Pont de Nemours & Co., (Inc.), E. L., 
Plastics Div Polychemicals Dept 
Wilmington 98, Del 

Durez Plastics Div Hooker Electro- 
chemical Co., 1304 Walck Road, North 
Tonawanda, N. Y. 

General Electric Co., Lammated Product 
Dept Coshocton, Ohio 

Insulation Manufacturers Corp 565 We 
Washington Blvd Chicago ¢ Il 


NDS and 
G 
x 


well Ave 


2 Paterson 


illimantic 
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Write 


on complete line show- 
ing specifications. 


BIWAX 


CORPORATION 


YOU CAN BE SURE OF for 


audio, power and ballast trans- 
formers; capacitors and component 
assemblies; solenoid coils; stator 
windings; terminal exposures and 
many others. 

Available in both thermoplastic 
and thermo-reactive types with or 
without heat conductivity proper- 
ties. High and low temperature 
resistance. 


for brochure 


3442 Howard St * Skokie, !Hinois 
Phone AMbassador 2-3339 


Circle 367 on page 17 


DYKEM 
044 


Popular ckage is = 
See. can fitted with = 
Bakelite cap holding = 
soft-hair ete = ap- = 
lying right at nch;: = 
cotel suriacs ready for = 
layout in a few minutes. = 
The dark blue background = 

makes the scribed lines 
show up in sharp relief, = 
prevents metal glare. In- = 
creases efficiency and = 

accuracy. 


Write for somple 
on company letterhead 


“THE DYKEM COMPANY = 
2303F North 11th St. « St. Lovis 6, Me. = 


prnen sree Bit, 


Reprints now available 
on Ira Ritow’s 


practical guide to 


Slide-Rule 


Mathematics 


This two-part article, concluded in this month's 
issue, offers a really practical treatment of the 
theory and use of the engineer's prime com- 
puting instrument, the slide rule. It includes 
well illustrated instructions for the use of all 
conventional slide rule scales and the circular 
rule. 


Reprint copies of the complete article are avail- 
able at $1.00 each; in quantities of five, 90 cents 
each; in quantities of 25, 75 cents each. Send re- 
mittance, adding 3 per cent for New York City 
delivery, to Reader Service Department, The 
Gage Publishing Company, 1250 Sixth Avenue, 
New York 20, N. Y. 


APRIL 1958 


»,000,000 


operations at 10 amps! 


KURMAN 
POWER 
RELAYS 


FEATURES: 


¢ Up to SPDT—25 amp 110 V AC or 28 V DC 
* As low as 500 milliwatt sensitivity 

* AC or DC operation 

* Fast acting—5 milliseconds at 3 watts 

. 


Special construction offers 125° C and/or 400 cycle op- 
eration 


* Screw terminals available 
* Standard or special mounting bases available 


¢ Open, dust covered or hermetically sealed 


IMMEDIATE DELIVERY FROM STOCK! 


The complete line of Kurman Relays, manufactured to com- 


mercial or military specifications, are interchangeable with 
other leading makes, 


AY 


<-One of many Hermetically Sealed types 


Visit Booth 789—Parts Show— 
Chicago—May 19-21 


SEND FOR COMPLETE CATALOG 


KURMAN ELECTRIC CO. 


Division of Norbute Corporation 


Dept. EM 191 Newel St. Brooklyn 22, New York 
EV 3-8000 


Circle 369 on page 17 


New 
att 
Handbook on 


TEFLON 


Fully describes its advanced usage as a 
cushioning and insulating material for wire 
and tube supporting clamps. 


Send now for your copy of this new 20-page 
illustrated “TX” Engineering Handbook on Teflon® 
(Tetrafluoroethylene). Contains all latest information 
on Teflon® including chemical, thermal, electrical 
and aging properties as well as modern methods of 
handling it. Illustrates seven models of Teflon® 
cushioned support clamps which are available in 18 
standard types. Included is a comprehensive tabu- 
lated chart covering 28 tests, furnished courtesy of 
the Du Pont Company. Write today for free copy. 


©Du Pont Company registered trademark. 


aya eA eR Gk Sn 


4607 ALGER STREET @ LOS ANGELES 39, CALIFORNIA 


Circle 370 on page 17 





Dress Up Your Products 
Irvington Div Minnesota Mining & Mar Amphenol Electronics Corp 1830 S. 54th 


. ufacturing Co., 9 Argyle Terrace. Irving- Ave., Chicago 50, Tl. (X) 
with these i ton 11, N, J. Anaconda Wire and Cable C 5 Broad 
F , = London Chemical Co., Inc., 1537 N. 3st way, New York 4, N. Y¥. (ABCTX 
Ave., Melrose Park, Ill Belden Mfg. Co., 4633 W. Van Bure 
Minnesota Mining & Mfg. Co., Electrical Chicago 44, Ill. (ABTX) 


- Products Div., 900 Fauquier Ave., St. Brand & Co., Inc., William, Willimantic 
* Paul 6, Minn Conn. (TX) 
‘ 7 Oronite Chemical Co., 200 Bush, San Bridgeport Insulated Wire Co., 53 Brook- 
| | Francisco 4, Calif. field Ave.. Bridgeport 8, Conn. (T 


Sherwin-Williams Co., General Industrial Chase Brass & Copper Co., Sub. of Ken- 


} Div., Cleveland 1, Ohio necott Copper Corp., Waterbury 20, Conr 
Union Carbide Corp., Silicones Div 420 (BCX) 
| Lexington Ave., New York 17, N. ¥ Chester Cable Corp., Sub. of Miami Cor 
. Westinghouse Electric Corp Gateway per Co., 25 Hill, Chester, N. Y. (TX 


Center, Bldg. No. 3, 401 Liberty Ave Continental Wire Corp Wallingford 
Pittsburgh 30, Pa Conn. (ATX) 
Zophar Mills, Inc., 112-130 26th, Brook- Cornish Wire Co., Inc., 50 Chureh, New 
lyn 32, N. Y. York 7, N. Y. (BT) 
Eastern Insulated -_ Corp., Walling- 
See Lacquers ford, Conn. (ABCT) 
by ig Pe nae Essex Wire Corp., Wire and Cable Div.. 
ing wt Wayne, Ind. (BT) 
. General Cable Corp., 420 Lexington Ave 
New York 17, N. ° 
General Electric Co., Construction Mate 
rials Div., Bridgeport 2. Conn. (ABCX 
Hitemp Wires, Inc 1200 Shames Dr 
V-BELTS. See Drives, Belt Westbury. N. Y¥. (T) 
Phalo Plastics Corp., Commercial & Fos 
VIBRATION TEST MACHINES ter, Worcester 8, Mass. (TX) 
«tric Co., Apparatus Sa D Phelps-Dodge Copper Products Corp., Fort 
. N Y Wayne, Ind. (ABCTX) 





VARNISHES, INSULATING. Sex 


es, Compounds and Resins 


; ou Electric. Corp tev Plastoid Corp., 42-61 24th, Long Island 
Center, Bldg. N 401 Liberty Av City 1. N.Y . 
Pittsburgh 30. Pa. Rockbestos Products Corp New Haven 4 
: Conn AT) 
Roebling’s Sons Corp.. John A., Sub. of 
VIBRATORS Colorado Fuel & Iron Corp., Trenton 
Aerovox Corp New Bedford as .; wo 
— can Television & i t Rome Cable Corp., Rome, N. Y. (BTX 
l Minn Royal Electric Corp., Pawtucket, R. I 
Mall ry & Co., Ince., P. ndianap ABTX) 
6, Ir 
Oak Mia. tteee NN. Clybour *. WIRE CUTTERS and STRIPPERS. Sree 
‘ - Chicago 10, Ml. Strippers, Wire. 
esigned by Robert Podai: 
| WAXES and COMPOUNDS WIRE CUTTING PLIERS and TWIST- 
» o Bakelite Co., Div, of Union Carbide Cor ERS. See Pliers and Cutters, Wire 
Featuring metal inserts of Biwax Corp. 3143 Howard. ‘Skokie. 1 — FORM 
. iwax Corp., 3 ; owar Ss le wir S. See Springs, Coll and 
chrome, copper, satin j Dow Corning Corp., Midland, Mict Saet: Stamaiees” shetel 


General Electric Co.. Laminated Pr 


brass, gold. In a variety of Dept.. Coshocton, Ohio WIRE, MAGNET 
thermosetting materials, oe eS Mfg Ce, “r= is’ Acme Wire Co., 1255 Dixwell Awe., New 


Fauquier 


both phenolic and urea. ft - iaconda Wire and Cable Co., 25 Bros 


Zophar Mills, Inc... 112-130 26th, Brookly: Anaconda Wire and Cable Co., 


* } 7 y. New York 4, N. Y 
Send for details. ao ae Belden Mfg. Co., 4633 W. Van Burer 


WEDGES and PEGS, ARMATURE Chicago 44, Til 


, Bridgeport Insulated Wire Co., 58 Brook 
ROGAN BROTHERS g Insulation Manufacturers Corp., € ‘ field Ave., Bridgeport 8, Conn. 
a Washin ngtor Bly a . hicago ¢ E Chase Brass & Copper Co., Sub. of Kenne 
4 National ilcanize ibre « Wilr cott Copper Corp., Waterbury 20. Conr 
8027 W. Monticello « Skokie, i. | ton 99. Del Electric Auto-Lite Co., Wire and Cable 
Div., Port Huron, Mich 
WELDING EQUIPMENT Essex Wire Corp Magnet Wire Div 
General Electric (x paratu . Fort Wayne 6, Ind 
Div., Schenectady 5, N. ¥ t General Cable Corp.. 420 Lexington / 
Revere Copper an ass Inc 2 > New York 17, N. ¥ 


Ave.. New York General Electric Co., Construction Ma 
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Torrington Manufacturing . C io Fuel & Iron Corp., Trentor 


Easy to Apply | Conn a 


Rome Cable Corp Rome, N. Y 


| ; B See Cx Sprague Electric Co., 307 Marshall. Nort 
Cone No Special Tool Needed os WINDING MACHINES rague Electric Go arshal 
T 198 Ma 


ensolite Specialties Ine 
Tarrytown, N. Y 


a WIRE AND CABLE, BARE 
© American Brass (¢ Waterbur } t WIRE MAGNETIC RECORDING 


American Steel & Wire Div tue Magnetic Recorder Components 
Service Bull cin 8-DF p.. Rockefeller Bidg., Cle 


bidg 


One-Piece Consiruction 


Efficient in Write for 


WIRE MARKING MACHINES 
nda Wire and Cable Co tr Marking Machines and Devices 
New York 4, N. ¥ 


mn & —_ hi | Chase’ Brass & Copper Co. Sub._ ot Ken- WIRE, RESISTANCE 


necott Copper Co Waterbury 20 " 
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York 7, N. ¥ . i Highway, Newark 4. N. J 
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General Electric Co., Construction Mate Co., Ine., Riverside, N. J 

rials Div Bridgeport 2, Conr 
Page Steel & Wire Div., American Chain W!RE STRIPPERS. See Strippers 

& Cable Co P.O. Box 692. Monesser 


: Pa. (Stainless or Carbon Steel Armature WIRE TIES 
Circle 372 on pa : 
page 17 | Banding Electrovert Inc., 489 Fifth Ave 


Phelps-Dodge Copper Products Corp t 7N ¥ 
Wayne, Ind. Rue 20, B.. E. 
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| Co., Ine., Riverside, N. J. — WIRING DUCTS. See Ducts, Wiring 
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s . Fuel & . T on WIRING HARNESSES. See 


Colorado Iron Corp Trent Harnesses 
9 N. J. and Assemblies, Wire 
| Rome Cable Corp., Rome, N. Y 
Easy To Apply Metal Tags, replace Sylvania Electric Products, I 740 WORMS and WORM WHEELS. See 
r Broadway, New York 19, N, Y¥ Gears and Pinions. 
Obsolete String and Paper Methods 
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Socket Screw Keys and Wrenches 
Asbestos 4 


Rubber B 

Varnished Fabric YARNS, BRAIDING and SERVING. See 
Thermoplastic Tg) Fabrics, Insulating 

| Coaxial Cable 

X American Steel & Wire Div § tee ZINC 
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Ohio York 38. N, Y 
@ Aluminum, steel, brass, O 
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@ Big variety, many 
styles, and sizes 7 / 
@ For aircraft, radio, tele- / 


ae mene” “one Slide Rule Mathematics 


generater manufacture, FREE SAMPLES AND FOLDER LISTING 
etc. ALL STYLES AVAILABLE ON REQUEST Have you ordered your reprint copy of this practical guide 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky to the application of the slide rule? See page 296 
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M os INEE... Creator of Specialized Papers 


Multiple Reprints 


at Quantity Prices 


e For each of the four design compendiums now 
ivailable (see reviews on page 296) the supply 
now on hand is sufficient to fill modest quantity 
orders. Since handling expense is a significant cost 
element in the distribution of these Multiple Re- 
prints, grouping of orders makes substantial sav- 
ings in cost per copy. To further reduce cost, ac- 
counting and invoicing operations involved in 
ypen-account billing are eliminated by requesting 


remittance with order 


Prices per copy given in the table below are for 
single shipments in the quantities shown on orders 


wccompanied by remittance. 


Quantity per shipment , 
Title I Ss | , 


mm onnmes Delicate, expensive electronic component 


‘pe e ag | made by Stewart-Warner Electronics Division 
Slide Rule Mathematics 1.00 35 =| Gane iee eeetion ; 


Human Engineering 2.50 , 2.00 


Casting Resins and | MOSINEE SEVEN-O 


Application Techniques 2.00 , 1.50 Neutral Papers 


.-.non-corrosive protection for less than a penny 


Send orders with remittance (including 3 per Less than one cent’s worth of Mosinee SEVEN-O neutral 
: . ha eta * paper may be all you need to provide prime contact pro- 
cent sales tax for New York City deliveries) to tection for delicate parts worth many dollars. 

Use SEVEN-O paper as the intimate wrap for ferrous 
and non-ferrous metals: aircraft and automotive parts, 
missile components, electronic parts and assemblies. 

Mosinee Seven-O neutral papers are chemically inert, 
non-corrosive on contact, suitable for packaging for short- 

The Gage Publishing Company or long-term storage and overseas —, These 
- i ; : apers successfully replace most types of expensive 
1250 Sixth Ave., New York 20 ae and laminated barrier materials where grease- 
proofness is not a factor. Available in a wide range of 
basis weights, creped or flat. 
Prices given above include shipping charges. Send for free data file on Seven-O papers. 


Be sure to enclose address to which shipment is IMPORTANT—AIll Seven-O neutral papers conform te gov- 
ernment specifications MIL-P-17667 and MIL-P-116C. 
to go; make checks payable to The Gage Publish- 


ing Company. Orders at these prices can be filled | oO Ss 
only when payment accompanies the order. vi IN EE 
PAPER MILLS COMPANY 


Mosinee, Wisconsin 
Dept. EM-4 


Reader Service Department 
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Save space 
with these 
Johnson 
miniature 
capacitors! 


Perfect for 
compact RF 
equipment... 


These tiny variable capacitors pro- 
vide the ideal solution to compact 
design problems. Requires just 54” 
x 34” panel area—the longest model 
extends only 1 17/64” behind panel. 
Soldered plate construction, over- 
sized bearings, and heavily anchored 
stator supports provide extreme ri- 
gidity—torque is steady—rotor 
stays “‘put’’ where set! Bridge-type 
stator terminal provides extremely 
low inductance path to Boru stator 
supports. Nickel-plated rotor con- 
tact—steatite end frames DC-200 
treated. Single section, butterfly, 
and differential types available. 


FW is ates SR RNs «he 


SPECIALS—Johnson Miniature Air Var- 
iables are available in production quan- 
tities with the following features: 
1. Locking bearing. 2. 180° stop. 3. Var- 
ious shaft extensions. 4. High torque. 
5. Silver or other platings. 

For complete information on these 
miniature capacitors or other Johnson 
electronic components—write for your 
free copy of our newest components 
catalog. 


Contains complete spec- 
ificotions on all Johnson 
electronic components 
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FOR LASTING 

GOOD LOOKS...USE 
ALCOA ALUMINUM 
FASTENERS 


Build lasting good looks—sparkling 
sales appeal—into your aluminum prod- 
ucts with Alcoa® Aluminum Fasteners. 
Get perfect color match, avoid dis- 
coloring and weakening corrosion. 
Avoid ugly stains with bright, carefree 
Alcoa Aluminum Fasteners. 

With Alcoa Aluminum Fasteners 
you are protected against galvanic and 
atmospheric corrosion. And they are 
readily available in all standard types 
and sizes at your local Alcoa distributor; 
or call your nearest Alcoa sales office. 
Look in the Yellow Pages of your tele- 
phone directory. 


ALCOA THEATRE 
ALUMINUM Exciting Adventure 


FASTENERS | Alternate 


Asunimun Company OF awemce | 


hi Monday Evenings 
Your Guide to the Best in Aluminum Value 
FREE... FACTS, SAMPLES... FREE 


Aluminum Company of America 
2241-D Alcoa Bidg., Pittsburgh 19, Pa. 


Gentlemen: Please send complete specification data 
and samples of Alcoa Aluminum Fasteners. 


Name 
Title 
Company 
Address 
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... on the front 
of this 


PRECISION 
SYSTEM 
ANALYZER. 


a that’s why you'd 
expect to find the 


A.W. (FIAYDON 
Companys 
* ELAPSED TIME 
INDICATORS 
Here! 
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You, too, can afford the space to keep 
track of time! From now on, these really 
small (1%4”) Elapsed Time Indicators will 
keep company with the best of Electronic 
Miracles 

Ihe enlarged panel illustrates how the 
A. W. Haydon Company's Sub-Miniature 
Elapsed Time Indicators could be used to 
maintain constant surveillance of operating 
time of the several sections of this Auto 
matic System Analyzer, manufactured by 
Technical Electronics Corp. of Culver City, 
Calif 

The dial type units read up to 2,500 
hours in one hour increments, while the 
digital type units read up to 9999.9 hours 
in one-tenth hour increments. Designed for 
military applications, these 442 ounce units 
can save valuable panel space in industrial 
and electronic applications. The 400 cycle 
models now in production are described in 
Bulletin AWH ET 602. 
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Design and Manvfacture of Electro-Mechonical Timing Devices 
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LOOK INTO (i) ELECTRICAL MECHANICAL 


US 
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for built-in productive assemblies 


... And you'll see ways to cut costs and increase your 
profits. How? By eliminating unwieldy or makeshift 
power assemblies. 


Master Motors, Gearmotors, Unibrakes, Fluid Drives 

and Speedrangers are available in standard Master 

unit sizes beginning with % H.P. With Master it’s 

easy to get the right shaft speed, the right construc- Electric Motors 
tion features, the right mounting... all combined in Gearmotors 

one compact, efficient drive. All components are made Variable Speed Drives 
by Master, thus assuring you of an impartial recom- Unibesks Melee... 14-150 LP. 


mendation for the best drive for your requirements. Fluid Drive Motors Wy- 15 LP. 


Look to Master for your single unit power packages 
.all from one single source. 


THE ELECTRIC COMPANY ** 
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TYPE MX THERMOSTATS 


especially designed for missile, avionic 
and electronic applications 


New Stemco Type MX Thermostats are miniature snap-acting units designed 
to open on a temperature rise. Being compact, lightweight units able to with- 
stand high G’s under wide ambient temperature ranges, Type MX thermostats 
are ideal for missile, avionic and other electronic applications where close tem- 
perature control is mandatory. 


Basic design flexibility of the Stemco Type MX Series means the units can 
be supplied from regular production runs in a wide variety of models, both 
semi-enclosed or hermetically sealed. Ceramic or metal bases for semi-enclosed 
units, round enclosures or CR-7 crystal cans for hermetically sealed units. 


Several types of terminal arrangements, mounting provisions, brackets, etc., 
are available. 


Stemco Type MX thermostats give you performance small cubage... 
rugged reliability ... at a production price. 


* 2°to 6F differentials available 


STEVENS manufacturing company, inc. 
Mansfield, Ohio 


STENMCO 
THERMOSTATS 
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